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RÉSUMÉ 
Les espèces exotiques envahissantes qui sont tolérantes à l'ombre peuvent avoir des 
impacts délétères profonds et de longue durée sur des forêts jusqu'alors peu 
perturbées. L'érable de Norvège envahit les forêts en Amérique du Nord où il arrive à 
dominer la régénération arborescente et pourrait déplacer éventuellement l'érable à 
sucre. Ce mémoire compare, en termes de survie et de croissance, la dynamique de 
ces deux congénères au mont Royal par rapport à leur régénération et à l'impact des 
épidémies de tache goudronneuse. 
Des semis de première année ont été transplantés en sous-boÎs. Après une saison 
de croissance, les espèces ne différaient pas en hauteur. Par contre, l'érable de 
Norvège était plus massif, avait une plus grande surface foliaire et une croissance en 
biomasse supérieure ; cette dernière pourrait favoriser sa survie. Les semis des deux 
espèces étaient peu influencés par la lumière disponible, l'espèce de la canopée, 
l'humidité et le pH du sol. Les taux d'herbivorie foliaire ne différaient pas entre les 
espèces, mais ont affecté davantage la croissance de l'érable à sucre. 
En causant une chute des feuilles prématurée, les épidémies de tache 
goudronneuse de 2006 et 2007 ont grandement réduit la croissance et la survie des 
gaules, et la croissance des arbres de son hôte, l'érable de Norvège. Avant les 
épidémies, la croissance de ce dernier était supérieure à celle de l'érable à sucre, alors 
qu'elle était plus basse par la suite. Cette maladie pourrait freiner l'envahissement qui 
menace l'intégrité des érablières sucrières du sud du Québec. 
Mots-clés: Invasion biologique, plante envahissante, érable de Norvège, érable à 




Ecological factors influencing the dynamics of an invasive alien species, Acer 
platanoides, and a native congener, A. saccharum, 
in an urban forest of southem Québec 
Invasive shade tolerant specles can have profound and long-lasting detrimental 
effects on previously undisturbed forests. Norway ma pie is invading North American 
forests where it can dominate the tree regeneration and could eventually displace 
sugar maple. This thesis compares, in terms of growth and survival, the dynamics of 
the two congeners on Mount Royal in relation to their regeneration and to the 
impacts of tar spot epidemics. 
First year seedlings were transplanted in the understory. After one growmg 
season, the species did not differ in height. However, N orway maple was more 
robust, had a higher leaf area and superior growth in biomass; the latter couid favour 
its survival. Seediings of both species were little influenced by available light, the 
canopy species or humidity and soil pH. Leaf herbivory levels did not differ between 
species, but were more detrimental to the growth of sugar maple. 
By causing a premature leaf loss, the tar spot epidemics of 2006 and 2007 have 
greatly reduced the growth and survival of saplings, and the growth of trees of its 
host, Norway mapie. Before the epidemics, the growth of the latter was superior to 
that of sugar maple, but was lower afterwards. Thi~ disease could hinder the invasion 
that threatens the integrity of sugar maple forests of southern Québec. 
Keywords: Biological invasion, invasive plant species, N orway maple, sugar maple, 
growth, survival, natural enemy, tar spot disease, R1!ytùma acerùmm 
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CHAPITRE 1 Introduction générale 
Chapitre 1 2 
Le présent mémoire s'intéresse au phénomène d'envahissement des forêts 
d'Amérique du Nord par l'érable de Norvège (Aœr p/a/anoùleJ L.), une espece 
introduite originaire d'Eurasie. L'étude a eu lieu au mont Royal, forêt urbaine au cœur 
de la Ville de ~fontréal, où l'envahisseur pourrait éventuellement y supplanter l'espèce 
dominante, l'érable à sucre (A. Jacchanlm Marsh.). Les boisés du mont Royal 
constituent un laboratoire à ciel ouvert dans lequel les communautés végétales 
évoluent sous nos yeux, transformées par les espèces exotiques qui les colonisent et 
en menacent l'intégrité écologique. Le but poursuivi dans cette étude est de comparer 
la dynamique de l'érable de Norvège à celle de l'érable à sucre en termes de croissance 
et de survie ; d'une part, en ce qui a trait à la régénération des deux espèces et aux 
facteurs écologiques qui peuvent l'influencer; et d'autre part, quant à l'impact des 
épidémies de tache goudronneuse de 2006 et 2007 affectant uniquement l'érable de 
Norvège. Dans ce chapitre, l'importance des forêts urbaines sera soulignée afIn 
d'introduire le site d'étude et la situation de l'envahissement s'y déroulant. Ensuite, le 
choix des facteurs écologiques analysés sera justifIé. Finalement, il sera question des 
objectifs abordés, de l'approche adoptée et de l'organisation du mémoire. Mais avant 
toute chose, la problématique des plantes envahissantes et en particulier celle de 
l'érable de Norvège sera introduite. 
L'importance d'étudier les plantes exotiques envahissantes 
Les espèces exotiques envahissantes sont des espèces qui peuvent maintenir des 
populations, sans intervention humaine, dans une nouvelle aire de distribution, 
proliférer et se disperser, parfois à des distances considérables de la plante mère, pour 
s'y établir (Richardson et aL 2000b). Étant donné que ces espèces peuvent menacer la 
biodiversité et même altérer le fonctionnement des écosystèmes, elles constituent l'un 
des grands bouleversement écologiques planétaires causés par l'espèce humaine 
(Vitousek el aL 1996, Mack et al. 2000). C'est pourquoi la Convention sur la diversité 
biologique de l'Organisation des Nations Unies (ONU) conclue à Rio de Janeiro en 
1992 exhorte chacune des 191 parties contractantes, au point h) de l'Article 8 sur la 
Conservation in Ji/II à ce qu'elle: 
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« Empêche d'introduire, contrôle ou éradique les especes 
exotiques qui menacent des écosystèmes, des habitats ou des 
espèces ». 
3 
C'est suite à la parution de l'œuvre du zoologiste et écologiste anglais Charles 
Sutherland Elton, Tbe Eco/o.?)' of 1l11JtJJionJ ~y Animais and PlantJ (1958), que le champ 
d'études sur les invasions biologiques s'est développé. D'ailleurs, cet auteur demeure 
le plus cité dans les études traitant du sujet (Richardson et Pysek 2008). Néanmoins, 
en ce 200" anniversaire de la naissance de Charles Darwin et le 150" de la publication 
de On the Ongin ofSpeties ry MeanJ ofNatural Selection, or the Pmemation of f"êll'otfred Races 
in tbe Stmgg/e for Ljè (1859), il est important de souligner que l'illustre naturaliste traita 
de la problématique dans cette œuvre révolutionnaire et, sur ce sujet également, sa 
vision reste dans l'ensemble très pertinente de nos jours (Richardson et aL 2000a, 
Ludsin et Wolfe 2001). Il a couvert autant les causes que les impacts des envahisseurs 
et ce que leur étude peut nous apprendre sur la structure des communautés et les 
processus évolutifs. Par contre, il apparaîtra dans la section suivante que le cas de 
l'érable de Norvège en Amérique du Nord va à l'encontre de ce qui a été baptisé 
l'Hypothèse sur la naturalisation de Darwin (Daehler 2001). En effet, elle prédit que 
les espèces exotiques auraient plus de difficultés à s'implanter dans des milieux où des 
espèces similaires (c'est-à-dire, du même genre ou apparentés phylogénétiquement) 
existent, car elles risqueraient alors d'entrer en compétition pour les mêmes 
ressources (Daehler 2001, Ludsin et Wolfe 2001). Mais pour rendre justice à Darwin, 
bien que ses observations l'aient amené à cette conclusion, il avait au départ émis 
l'hypothèse que la similarité aux espèces indigènes d'une espère introduite pourrait 
plutôt signifier qu'elle possède les adaptations nécessaires à sa survie dans cet 
environnement (proches et aL 2008). 
Alors que plusieurs de ces espèces ont été introduites accidentellement avec les 
déplacements humains, certaines l'ont aussi été de manière intentionnelle pour 
diverses raisons (Mack 2000, Kowarik 2003). Par exemple, dans le cas des plantes 
ligneuses, une étude a démontré que la totalité des 235 espèces recensées ayant été 
naturalisées en Amérique du Nord ont été introduites volontairement pour être 
utilisées en aménagement du paysage (85.5%), à des fins ornementales ou 
fonctionnelles, entre autres pour le contrôle de l'érosion, ou plutôt en agriculture et 
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en foresterie (14.5%) (Reichard et Hamilton 1997). Par rapport à l'ensemble des 
plantes envahissantes, elles sont peu nombreuses mais leur potentiel à modifier la 
structure et le fonctionnement des écosystèmes forestiers est démesuré (\Vebster el a/. 
2(06). Un petit nombre de ces espèces sont tolérantes à l'ombre donc de fm de 
succeSSIon (Martin et a/. 2(08), c'est-à-dire qu'elles peuvent survIvre aux stades 
juvéniles dans les conditions de faible intensité lumineuse du sous-bois avant 
d'atteindre la canopée et de se reproduire (Canham 1985). Ce sont ces espèces 
tolérantes à l'ombre qui envahissent principalement les forêts peu perturbées (Martin 
et al. 2008). Dans certains cas, leur faible taux de croissance à l'ombre en sous-bois 
(périodes de suppression) couplé à leur long cycle vital résultent en des phases de 
latence qui posent un problème de gestion particulier car, lorsque le processus 
d'envahissement devient perceptible, il peut être déjà bien amorcé (\Vangen et 
Webster 2006, Webster et al. 2006, Herron et a/. 2007, Martin et a/. 2(08). Par exemple, 
dans les forêts du sud du Québec, deux espèces originaires d'Europe nuisent à la 
régénération de la flore indigène: le nerprun cathartique (Ramnus t:alhartiCIIJ' L.), un 
arbuste qui forme des bouquets si denses qu'aucune végétation ne peut survivre sous 
ce couvert (Mas caro et Schnitzer 2(07), et l'érable de Norvège (/lcer platanoides L.) qui 
est le sujet de la présente étude. 
L'érable de Norvège en tant qu'espèce envahissante en Amérique du Nord 
Tel que mentionné précédemment, l'érable de Norvège est considéré comme une 
espèce envahissante des milieux naturels en Amérique du Nord (par exemple, Webb 
et. Kauzinger 1993 au New Jersey, Kloeppel et Abrams 1995 en Pennsylvanie, 
Anderson 1999 et Sanford et al. 2003 au Massachusetts, Martin 1999 dans l'état de 
New York, Reinhart et a/. 2005 au Montana, Midy et a/. 2(07). Sa forme attrayante, sa 
croissance vigoureuse, les nombreux cultivars disponibles ainsi que sa résistance à la 
pollution urbaine et aux conditions de sol sous-optimales font que cet arbre a été 
abondamment planté comme arbre de rue et en aménagement paysager, notamment 
pour remplacer les ormes d'Amérique décimés par la maladie hollandaise de l'orme 
(Santamour et McArdle 1982, Nowak et Rowntree 1990). Alors que les 
environnements perturbés et fragmentés peuvent contribuer a son mvaSlOn 
(Anderson 1999, Webb et a!. 2001, Bertin et a/. 2005, Webster et a!. 2005, Midy et al. 
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2007), son abondante production de samares dispersées par le vent, sa tolérance à 
l'ombre ainsi que sa capacité de former des banques de semis très denses, lui 
pennettent de s'implanter dans des forêts relativement peu perturbées (Webb et al. 
2000, Fang 2005, Martin et Marks 2006, Wangen et Webster 2006). 
L'érable de Norvège a un impact délétère sur les communautés végétales dans' 
lesquelles il s'installe en diminuant la richesse spécifique et en freinant la régénération 
des arbres (Wyckoff et Webb 1996, Martin 1999, Fang 2005, Reinhart et aL 2005, 
Midy el aL 2007, Galbraith-Kent et Handel 2008). En outre, il arrive à dépasser en 
abondance en sous-bois l'érable à sucre (A. Jaù:hamm Marsh.), l'espèce dominante des 
forêts mésiques du sud du Québec (Webb et Kaunzinger 1993, Martin 1999, Midy et 
aL 2007, G6mez-Aparicio et aL 2008). L'érable à sucre possède un statut successionnel 
et des caractéristiques écologiques similaires à ceux de l'érable de Norvège, telles que 
la tolérance à l'ombre et la production de banques de sèmis (Canham 1985, Godman 
et aL 1990, Marks et Gardescu 1998). De ce fait, il semble que l'érable de Norvège 
pourrait avoir le potentiel de supplanter l'érable à sucre comme espèce dominante des 
érablières urbaines et péri-urbaines du sud du Québec, en autant bien entendu que 
des sources de dispersion le permettent. 
La valeur et la vulnérabilité des forêts urbaines 
En 2008, pour la première fois de l'histoire de l'humanité, la moitié de la population 
mondiale, soit 3,3 milliards d'être humains, vit dans les villes (UNFPA 2007). Cette 
situation présente des défis de taille si l'on tient compte du fait que l'urbanisation est 
souvent accompagnée de problèmes environnementaux notamment en tennes de 
gestion des déchets, de contamination de l'air, de l'eau et du sol, de perte et de 
dégradation d'habitats naturels et de terres arables, de modification du climat local et 
de l'hydrologie qui affectent en retour la qualité de vie des citadins (Zipperer et 
Pickett 2001, Heidt et Neef 2008). D'où la nécessité d'un développement durable 
dont les forêts et boisés, en tant qu'élément du paysage urbain, sont de grande valeur. 
Sans parler des multiples bienfaits sociaux des forêts urbaines (Tyrvainen et aL 
2005, Lehvavirta 2007, Nielsen et Nilsson 2007, Nowak et Dwyer 2007, Wu 2008), 
leurs bienfaits écologiques et environnementaux sont nombreux. Par exemple, elles 
améliorent la qualité de l'air en absorbant ou en interceptant les polluants 
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atmosphériques tout en séquestrant le carbone qui contribue à l'effet de serre 
(Weathers el a/. 2001, Nowak el a/. 2006, Nowak et Dwyer 2007). Elles ont un effet 
modérateur sur le micro-climat en abaissant la température par l'évapotranspiration et 
l'ombre projetée par la canopée, et en réduisant la vitesse des vents (Rowntree 1986, 
Nowak et Dwyer 2007, Heidt et Neef 2008). Elles contribuent au contrôle de la 
pluviométrie, à la rétention du ruissellement des eaux de surface, à la recharge des 
eaux souterraines, à la prévention des inondations et aussi de l'érosion des sols 
(Rowntree 1986, Nowak et Dwyer 2007). Les forêts urbaines servent aussi de derniers 
remparts à la biodiversité en constituant des habitats pour la faune et peuvent 
contenir une richesse en espèces végétales surprenante (Alvey 2006). En somme, pour 
leur valeur intrinsèque ainsi que pour les multiples fonctions aux échelles locale, 
régionale et même planétaire qu'elles remplissent, la préservation des forêts urbaines 
devient primordiale. 
Par contre, plusieurs facteurs rendent ces milieux vulnérables et peuvent menacer 
leur intégrité écologique. Leur préservation même peut entrer en conflit avec d'autres 
utilisations du territoire et peut être désavantagée par le fait que leur valeur 
économique est difficilement quantifiable (i\fcPherson 1992, Tyrvainen 2001, Price 
2003, Chen et Jim 2008). Par ailleurs, les forêts urbaines peuvent aussi faire les frais 
de leur popularité car les usagers les fréquentant peuvent causer différents types de 
dommages tels que la fragmentation de l'habitat par l'ouverture de sentiers, 
l'introduction d'animaux ou de plantes exotiques et même une fertilisation en azote 
aux alentours des zones les plus pratiquées (Kowarik 2005). Les conditions physiques 
urbaines difficiles peuvent avoir un effet différent selon les espèces et modifier ainsi la 
composition des communautés par rapport à celles des forêts en milieu naturel 
(Lehvavirta et Rita 2002). Finalement, étant donné la petite taille, la fragmentation et 
l'isolement de ces forêts, elles sont moins résilientes face aux perturbations et peuvent 
notamment avoir de plus hauts taux d'extinction locale (Bastin et Thomas 1999, 
Lehvavirta 2007). Alors que la dispersion d'espèces indigènes venant d'autres 
populations vers les forêts urbaines peut être grandement limitée, ces milieux sont 
extrêmement vulnérables à l'envahissement par les espèces exotiques envahissantes, 
d'une part parce qu'elles sont à proximité des sources de dispersion de ces espèces et, 
d'autre part parce qu'elles sont souvent perturbées, ce qui favorise l'établissement de 
Chapitre 1 7 
plusieurs envahisseurs (Zipperer 2002, Kowarik 2005, Duguay e/ al. 2007). D'un autre 
côté, ces phénomènes rendent les études en milieu urbain particulièrement utiles pour 
prévoir les phénomènes d'envahissement qui pourraient se répandre hors de ces 
zones d'introduction ,"ers des forêts moins perturbées (Bertin el al. 2005). 
La forêt urbaine du mont Royal 
Le lieu d'étude, la forêt du mont Royal, se situe en plein cœur de Montréal au sud du 
Québec sur une colline de 10,3 km2 dont le plus haut des trois sommets atteint 232 m 
d'élévation (45°30'N, 73°35'W). La température annuelle moyenne y est de 6.2 oC et 
978.9 mm de précipitations y tombent annuellement en moyenne, dont 22.2% sous 
forme de neige (Environnement Canada, normales climatiques 1971-2000). La saison 
de croissance s'étend de la mi-avril à la mi-septembre, soit sur environ 195 jours. Le 
mont Royal fait partie de l'ensemble des neuf collines montérégiennes qui traverse la 
plaine du St-Laurent. Ce sont des formations de roches ignées alcalines, 
principalement du gabbro mélanocrate, qui remontent au Crétacé, il y a environ 120 
millions d'années (poitras et Burgess 2005). Les diverses glaciations, dont la dernière 
s'est terminée il y 12000 ans, ont contribué à façonner le relief du mont en érodant la 
roche sédimentaire de la formation de Trenton qui l'enveloppait pour laisser la roche 
ignée faire surface. Le retrait des glaces y a laissé de minces couches de dépôts 
meubles de till glaciaire alors qu'un mélange d'argile, de sable et de graviers ainsi que 
quelques gros blocs ont été déposés sur le pourtour des trois sommets submergés par 
la mer de Champlain, puis du lac Lampsilis (Boivin 1989). 
Le mont Royal fait partie du domaine de l'érablière à caryer cordiforme 
(Bouchard et Brisson 1996) et les espèces dominantes de la canopée sont l'érable à 
sucre, le frêne d'Amérique (f'raxinlls amencana L.), le chêne rouge (Qllerctls ntbra L.) et 
le bouleau blanc (Be/ilia papynjèra Marsh.). En sous-bois, on retrouve des espèces 
arbustives telles que le chèvrefeuille du Canada (Lonicera canadenJis Bartr.), le cerisier à 
grappes (Pmnlls zJÙ;giniana L.), la ronce odorante (Rublls odoratllS L.), la ronce 
occidentale (Rubtts oaiden/alù L.) et le dièreville chèvrefeuille (DienJi/la /onicera Mill.) ; 
ainsi que des espèces herbacées comme le trille grandiflore (T nlli/lm grandiJlomm 
(Michx.) Salisb.), la sanguinaire du Canada (Sangttinana canadensù L.), l'érythrone 
d'Amérique (Erythronitlm amencanttm Ker-Gawl.), la smilacine à grappes (Maianlbemllm 
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raœlllO.flfm (L.) Link) et la verge d'or bleuâtre (Jo/idago (aeJia L.). En plus des 600 
espèces végétales du mont, une faune d'une diversité surprenante le fréquente: 150 
espèces d'oiseaux, 20 espèces de mammifères, mais peu d'amphibiens et de reptiles. 
La diversité se trouve aussi au niveau des peuplements forestiers (Boivin 1989, 
Thiffault 2003, Boivin et al. 2005). Par exemple, on y retrouve certaines communautés 
rares telles que la chênaie rouge comprenant des arbres vieux de 160 ans sur les crêtes 
rocheuses (Boivin et al. 2005). 
Des vestiges archéologiques, dont des sépultures, permettent d~ conclure que le 
site a été fréquenté pendant quatre ou cinq millénaires avant aujourd'hui, notamment 
par les lroquoiens à partir de 1300 (poitras et Burgess 2005). Le mont Royal, ainsi 
nommé par Jacques Cartier en 1535, fut finalement en partie converti en parc 
inauguré en 1876 après les travaux de Frederick Law OImsted (poitras et Burgess 
2005). Le parc du Mont-Royal est le plus grand espace vert sur l'île de Montréal. En 
plus de sa valeur écologique, il a une grande importance historique, sociale et 
culturelle, ce qui a été reconnu en mars 2005 par .un décret du Gouvernement du 
Québec qui en a fait le premier arrondissement historique et naturel sous la 
protection de la Loi sur les biens culturels (1972). Le parc du Mont-Royal est très 
apprécié par les Montréalais tel que le démontre sa fréquentation de près de 3,5 
millions de visiteurs annuellement (Rocray et Marcil2003). 
Cependant, au cours de son histoire, ses boisés ont été soumis à des perturbations 
parfois majeures menaçant son intégrité écologique, que ce soit de manière 
anthropique, la construction du chemin Camillien-Houde étant peut-être 
l'aménagement le plus drastique, ou naturelle, notamment la tempête de verglas de 
janvier 1998 (Rocray et Marcil 2003). De plus, des 190 hectares considérés comme 
boisés à caractère naturel, seuls les deux-tiers se retrouvent protégés dans des parcs 
sur le domaine public (Thiffault 2003). Les aires privées appartiennent à plusieurs 
grandes institutions montréalaises incluant les cimetières Notre-Dame-des-Neiges et 
du Mont-Royal, l'oratoire St-Joseph, les universités de Montréal et McGill, le collège 
Jean-de-Brébeuf, les hôpitaux Royal-Victoria et Général de Montréal. Leur 
développement s'est parfois fait au détriment de zones boisées. Des exemples récents 
ou à venir d'empiètement sur la forêt incluent l'agrandissement du stade Percival-
MoIson de l'Université McGill et celui de l'Hôpital général de Montréal faisant partie 
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du Centre universitaire de santé I\IcGill, et la construction par l'Université de 
Montréal d'un nouveau pavillon pour son école Polytechnique. 
Parfois les menaces sont plus diffuses et progressives, notamment si on pense à 
l'intrusion de plantes exotiques qui peuvent développer un caractère envahissant. En 
comparaison de la surprenante biodiversité indigène, la liste des espèces exotiques 
envahissantes est beaucoup plus courte. Cependant, leur densité et leur distribution 
sont disproporuonnellement élevées, occupant déjà en 1999 plusieurs dizaines 
d'hectares (Rocray et Marcil 2003). Leur contrôle peut s'avérer extrêmement difficile 
considérant les moyens disponibles et le Règlement de la Ville de Montréal qui 
interdit l'utilisation de pesticides, entre autres dans le Parc du Mont-Royal (Règlement 
sur l'utilisation des pesticides 04-041 et le Règlement 04-041-1 modifiant le Règlement 
sur l'utilisation des pesticides). Aux nombres des espèces envahissantes présentes au 
mont Royal on compte, dans la state herbacée, l'anthrisque des bois (Anthriscus 
~/1!estris (L.) Hoffm.), l'alliaire (A//il/oria petiolata (M. Bieb.) Cavara & Grande), 
l'égopode podagraire (Aegopodium podagraria L.), les cynanches (Cynancbum roJJù:um 
(Kleopow) Borhidi et C. nigmm (L.) Pers., non Cav.), la pervenche mineure (Vinca 
minor L.) ; dans la strate arbustive, les nerpruns cathartique et bourdaine (R catharlùïlJ' 
et .f<rangula a/nus Mill.) ; et dans la strate arborescente, le peuplier blanc (Popu/us alba 
L.), l'orme de Sibérie (U/mUJpumila L.) et bien entendu l'érable de Norvège. 
Le portrait de l'envahissement par l'érable de Norvège du mont Royal 
Le mont Royal étant situé dans le domaine de l'érablière à caryer, l'érable à sucre y est 
l'espèce dominante de la plupart des communautés végétales. Cependant, l'érable de 
Norvège a été abondamment planté dans les années 1960 pour reboiser la montagne 
qui avait subi des coupes sévères en 1954 lui valant le surnom de mont Chauve 
(poitras et Burgess 2005). Même si de nos jours l'érable de Norvège n'est plus planté 
dans le parc, Midy et al. (2007) ont montré que le processus d'envahissement est en 
cours. En effet, l'érable de Norvège dépassait en abondance l'érable à sucre dans la 
strate de régénération dans la plupart des zones étudiées et ce, même si l'indigène 
avait trois fois plus de semenciers que l'envahisseur (Midy et al. 2007). Plus 
précisément, les juvéniles d'érable de Norvège représentaient plus de 75% des 
individus aux stades de semis et gaules recensés des deux espèces combinées. En fait, 
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l'érable de '[\;orvège produisait 5 fois plus de juvéniles par semencier que l'érable à 
sucre. Donc, il est à craindre que l'érable de Norvège supplante éventuellement 
l'érable à sucre dans cette forêt. Cette dernière étude a cependant été réalisée avant 
l'apparition des épidémies de tache goudronneuse affectant uniquement l'érable de 
Norvège. La maladie l'ayant dépouillé complètement de ses feuilles à la fin du mois 
d'août 2006, pourrait-elle rendre l'envahisseur moins éompétitif par rapport à son 
rival? 
Les facteurs écologiques pouvant influencer la dynamique de l'érable de 
Norvège et de l'érable à sucre 
Le but de la présente étude est de mieux comprendre les facteurs qui influencent la 
dynamique de l'érable à sucre et celle de l'érable de Norvège, donc la composition 
futurè de la forêt du mont Royal. La croissance et la survie aux stades juvéniles 
peuvent être considérées comme un bon indicateur des changements à venir dans la 
dynamique des peuplements (Kobe et aL 1995, Pacala et aL 1996). Donc, outre les 
densités observées en sous-bois qui pourraient être dues à un apport plus grand en 
graines, est-ce que l'érable de Norvège possède d'autres avantages en termes de survie 
et de croissance sur l'érable à sucre? De plus, quels sont les. facteurs écologiques qui 
influencent la régénération de l'une et l'autre des espèces ? Suite à une revue de la 
littérature, les facteurs suivants se sont imposés: l'herbivorie, le niveau de lumière en 
sous-bois, le pH et l'humidité du sol, et la présence dans la canopée de l'érable de 
Norvège versus celle d'autres espèces indigènes. En outre, certaines perturbations 
peuvent, en affectant différemment les espèces, modifier le processus de succession. 
Ce pourrait être le cas des épidémies de tache goudronneuse affectant l'érable de 
Norvège. Il apparaît donc important de déterminer si les effets de la maladie ne sont 
que d'ordre esthétique ou s'ils ont un impact au niveau de la croissance et la mortalité. 
1. L'herbivorie foliaire 
Une hypothèse populaire, appelée fréquemment Enemy rdeaJe I?YpolbeJis (ERH), 
soutient que le succès des espèces exotiques envahissantes peut être tributaire d'une 
diminution de prédation dans leur nouvel environnement et/ou d'une prédation plus 
faible par rapport aux espèces indigènes (Blossey et Notzold 1995, Maron et Vila 
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2001, Keane et Crawley 2002, Siemann et Rogers 2003). Cette hypothèse a reçu un 
certain support en ce qui a trait aux plantes exotiques envahissantes (Mitchell et 
Power 2003, Torchin et Mitchell 2004, Liu et Stiling 2006) mais il apparaît plus juste 
de recourir à un ensemble de facteurs plutôt qu'à un seul mécanisme pour expliquer le 
phénomène (Colautti et aL 2004). D'ailleurs, à une échelle biogéographique, l'ERH 
pourrait contribuer au succès de l'érable de Norvège dans sa nouvelle aire de 
distribution par rapport à sa zone européenne en ce qui a trait à l'herbivorie foliaire 
(Adams et a(. 2009), mais aussi aux pathogènes du sol (Reinhart et Callaway 2004). Par 
ailleurs, deux études ont comparé l'herbivorie sur les feuilles de l'érable à sucre et de 
l'érable de Norvège, mais les conclusions de ces études divergent; l'une n'ayant pas 
trouvé de différence entre les espèces (Morrison et Mauck 2007) alors que l'autre a 
trouvé des niveaux plus faibles chez l'érable de Norvège (Cincotta et aL 2009). Par 
contre, les graines d'érable de Norvège seraient moins appréciées des prédateurs que 
celles de l'érable à sucre (Mein ers 2005). Quoi qu'il en soit, comme le soulignent 
Cincotta et aL (2009), l'impact de l'herbivorie sur la croissance des deux espèces n'a 
pas été étudié. 
2. La lumière en sous-bois 
Étant donné que les niveaux de lumière en sous-bois des forêts feuillues se trouvent 
souvent sous les 2% de lumière incidente, seules les espèces qui tolèrent ces 
conditions peuvent s'y développer (Canham et aL 1994). Tel que mentionné 
précédemment, l'érable à sucre comme l'érable de Norvège tolèrent bien ces 
conditions. En faible lumière, les semis d'érable de Norvège auraient un avantage en 
termes de survie sur ceux d'érable à sucre sans avoir cependant une croissance 
supérieure (Sanford et aL 2003, Morrison et Mauck 2007). Deux études ont aussi 
comparé les taux de photosynthèse des deux espèces: l'une a montré que les gaules 
d'érable de Norvège font une meilleure utilisation de la lumière que celles d'érable à 
sucre (Kloeppel et Abrams 1995), alors que l'autre n'a trouvé aucune différence entre 
les deux espèces au stade de semis (Morris on et Mauck 2007). 
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3. Le pH et l'humidité du sol 
Dans son aire de distribution européenne, l'érable de Norvège croît mieux sur les sites, 
au sol profond, fertile et humide ayant un drainage adéquat (Nowak et Rowntree 
1990). Il est rare dans les zones trop humides, trop sèches ou trop acides. En effet, 
dans les forêts Nord-américaine, un pH plus acide (Martin et Marks 2006, Midy et aL 
2007) ainsi que des sols plus secs (Bertin el aL 2005, Midy el al. 2007) pourraient nuire 
à la survie ou la croissance de l'érable de Norvège. Il en va de même pour l'érable à 
sucre qui pousse lui aussi dans les sols profonds, fertiles, humides et bien drainés 
(Farrar 2004). De plus, en faible lumière, l'humidité du sol est corrélée positivement à 
la croissance des semis d'érable à sucre naturellement établis (Walters et Reich 1997). 
Un pH du sol moins acide favorise aussi la survie des semis et des gaulis d'érable à 
sucre (Kobe et aL 1995, Juice et al. 2006). Finalement, lorsque les deux congénères ont 
été comparés directement, une étude sur les espèces au stade de gaule a montré que 
l'érable de Norvège fait une meilleure utilisation de l'eau que l'érable à sucre 
(Kloeppel et Abrams 1995) alors qu'une autre étude sur des semis cette fois, concluait 
le contraire (Morris on et Mauck 2007). 
4. L'espèce de la canopée 
L'érable de Norvège dans la canopée aurait un effet délétère sur la régénération des 
espèces arborescentes et/ou un effet favorable sur sa propre régénération (Wyckoff et 
Webb 1996, Martin 1999, Fang 2005, Reinhart et aL 2005, Midy et al. 2007, Galbraith-
Kent et Handel 2008). Certains ont émis l'hypothèse que l'érable de Norvège 
projetterait une ombre plus den~e que les espèces indigènes qui pourrait nuire à la 
survie et la croissance des semis des autres espèces (Webb et Kaunzinger 1993, 
Martin 1999, Bertin et aL 2005). Cette hypothèse a en effet été démontrée 
expérimentalement, mais il va sans dire que la composition de la forêt riveraine du 
Montana étudiée est très différente des forêts du sud du Québec où les espèces 
indigènes de fIn de succession sont davantage tolérantes à l'ombre et en cela plus 
semblables à l'érable de Norvège (Reinhart et al. 2006). En contraste, il a été démontré 
que . l'érable de Norvège en augmentant la fertilité du sol pourrait favoriser la 
croissance des semis en sous-bois, mais davantage de ceux de sa propre espèce 
(G6mez-Aparicio et Canham 2008). Finalement, une autre hypothèse voudrait que les 
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niveaux d'herbivorie en sous-bois puissent varier selon les espèces présentes dans la 
canopée. En effet, selon l'hypothèse de ]anzen-Connell, l'un des facteurs permettant 
de maintenir une grande diversité spécifique dans les forêts tropicales est le taux plus 
faible de survie d'une espèce à proximité de congénères à cause des herbivores 
spécialistes qui y sont plus abondants (Janzen 1970, Connell 1971). Ce phénomène a 
également été observé dans les forêts de l'Amérique du Nord (packer et Clay 2000). 
Dans le cas de l'érable de Norvège, une étude a émis l'hypothèse que les ennemis 
naturels puissent être la cause de la mortalité accrue des semis de première année 
d'érable de Norvège observée sous des arbres de la même espèce (G6mez-Aparicio et 
al. 2008). Par ailleurs, une autre étude a rapporté que la présence d'érables de Norvège 
dans l'entourage pouvait réduire les niveaux d'herbivorie sur les semis d'érable à sucre 
(Cincotta et al. 2009). 
En somme, l'importance de ces quatre facteurs écologiques ainsi que leurs effets 
sur la croissance et la survie des érables à sucre et de Norvège en sous-bois ne font 
pas consensus parmi les chercheurs. Par ailleurs, tous ces facteurs n'orit jamais été 
étudiés conjointement dans une même étude afm de déterminer leur influence relative 
sur la croissance et la survie des semis d'érable à sucre et d'érable de Norvège. 
5. Les épidémies de tache goudronneuse de 2006 et 2007 
Des épidémies de tache goudronneuse touchant l'érable de Norvège ont été 
rapportées dans les années 1980 dans l'État de New York (Hudler et al. 1987) et 
également dans le nord-est de l'Amérique du Nord en Ohio, au Massaéhusetts, au 
Vermont, en Pennsylvanie, au New Jersey et en Ontario (Hudler et al. 1998). Le 
parasite en question est l'ascomycète RJ.!)tisima acenllum (pers.) Fries. ongmal!e 
d'Europe qui s'attaquerait uniquement à l'érable de Norvège en Amérique du Nord 
(Hudler et al. 1998). La maladie se développe graduellement à partir du printemps, 
environ un mois après l'apparition des feuilles, alors que les spores, jaillissant de la 
litière, pénètrent dans l'hôte par les stomates (Jones 1925, Cannon et l'vEnter 1984, 
Hudler et al. 1998). Environ un mois plus tard, des taches jaunes ou vert pâle 
apparaissent sur la surface supérieure de la feuille. Dans les semaines qui suivent, des 
petits points noirs de 1 mm de diamètre se développent dans ces taches. Ensuite, vers 
le milieu ou la fin de l'été, ces points grossissent et finissent par se rejoindre en 
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grandes taches noues suréle"ées mesurant en moyenne 15 mm de diamètre, les 
stromata. Les feuilles touchées peuvent tomber prématurément. Les spores se 
développeront dans les stromata au cours de l'hiver. Par contre, on ne sait pas si ces 
problèmes d'ordre esthétique, qui apparaissent plutôt tardivement dans la saison de 
croissance, ont des effets sur la croissance des arbres infectés. A notre connaissance, 
l'impact de la tache goudronneuse sur la croissance de l'érable de Norvège n'a jamais 
été étudié auparavant. Toutefois, dans une étude sur la dynamique d'envahissement 
d'une forêt par l'érable de Norvège, on a émis l'hypothèse que la soudaine baisse de 
croissance observée puisse coïncider avec l'apparition de la tache goudronneuse 
quelques années auparavant (Webster et aL 2005). 
Les objectifs, les approches et la présentation du mémoire 
Cette étude se penche sur deux aspects pouvant affecter la performance relative en 
termes de croissance et de survie de l'érable à sucre et de l'érable de Norvège, soit la 
régénération de ces espèces ainsi que l'effet de la tache goudronneuse sur l'érable de 
Norvège. En résultent donc deux objectifs: 
Objectif 1 
Le premier des deux objectifs est de comparer la crOlssance, la répartition de la 
biomasse et la survie des semis d'érable de Norvège et d'érable à sucre pour ensuite 
évaluer l'influence relative de l'herbivorie foliaire, de la lumière disponible, de 
l'humidité et du pH du sol, et de l'espèce de la canopée sur les caractéristiques des 
semis. De plus, l'effet de la canopée sur les autres facteurs étudiés sera évalué. Cet 
objectif sera abordé par une approche expérimentale in Ji/JI en réalisant des 
transplantations de semis de première année des deux espèces sous des canopées 
d'érable de Norvège, d'érable à sucre ainsi que d'autres espèces indigènes. La survie et 
la croissance des semis seront évaluées avant les transplantations et après une saison 
de croissance. Cet objectif est le sujet du chapitre 2 : 
« Comparing the influence of multiple ecological factors on the growth, 
biomass distribution and survival of invasive A. platanoides and native A. 
saccharum seedlings in a forest understory » 
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Objectif 2 
Le second objectif est d'évaluer l'impact des épidémies de tache goudronneuse de 
2006 ct 2007 au mont Royal sur la croissance des gaules et des arbres d'érable de 
Norvège par rapport à celle de l'érable à sucre. En outre, cette comparaison avec 
l'érable à sucre permettra également de constater si des conditions climatiques 
particulières ayant pu affecter la croissance de ces espèces très similaires 
écologiquement se sont produites parallèlement à l'apparition de la maladie. Par une 
approche descriptive, les croissances en diamètre et en hauteur des gaules et en 
diamètre des arbres suite aux épidémies seront comparées à celles des années 
antérieures. Cet objectif sera traité dans le chapitre 3 : 
« Tar spot disease on Norway maple in North America: 
quantifying the impacts of a reunion between an invasive 
tree species and its adventive natural enemy » 
Les chapitres 2 et 3 sont rédigés sous forme d'articles scientifiques en anglais. Le 
chapitre 4 présentera une conclusion générale. 
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Abstract 
Invasive shade tolerant specles can have profound and long-lasting de trimental 
effects on previously undisturbed forests. A well-studied example is the invasion of 
North American forests by Acer pla/anoides L. (Norway maple), which has deleterious 
effects on native flora richness. Moreover, /1. pla/anoides is capable of dominating the 
understory to the point where it could displace its native congener, A. j(Jccvamm 
Marsh. (sugar maple), the dominant tree in cool mesic forests. To understand the 
relative importance of various mechanisms responsible for the success of A. 
pla/anoides in the und ers tory, we asked: How do A. pla/anoides and A. saccbamm 
seedlings differ in terrns of growth, biomass distribution and survival? How do leaf 
herbivory, understory light levels, soil pH, soil moisture and canopy species influence 
the .growth of both species? To answer these questions, we transplanted flrst-year 
seedlings under exotic and native canopies in an urban sugar maple fores t, and 
compared their growth and survival over a growing season in relation to the 
ecological factors. 
Although seedlings of both specles did not differ in height, we found that 
growth in biomass and assimilation rates were twice as high for the invasive, which 
could represent an important advantage in survival. However, overall mortality in this 
experiment was low; survival did not differ between species during the fltst growing 
season, with only a small difference in win ter survival favouring A. platanoides. The 
only variables that signiflcantly influenced the growth of either species were 
understory light and leaf herbivory, but ecological variables overall accounted for 23-
24% of variation in growth. For./1. pla/anoides, Iight was the most important factor. lts 
seedlings appeared to capture light more efflciently, with over 150% greater foliage 
biomass and surface area than its congener. Conversely, A. saccbamm seedlings were 
more negatively affected by herbivory, especially under conspeciflc canopies. 
Proportions of damaged leaf area did not differ statistically between species. 
However, it is not so much that A. plalanoides received less herbivory; rather, the 
resulting impacts were less Jetrimental to its growth. Overall, the more robust A. 
plalanoides yearlings presented foliage and root characteristics that could allow them to 
better grow and survive in shaded understories than the native A. Jaahamm. 
Keywords: Biological invasion, herbivory, light, Norway maple, sugar maple 
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Introduction 
Invasive plant species can generate profound changes in the composition of native 
plant communities and ecosystem processes by displacing native species (Vitousek et 
a/. 1996, Mack et aL 2000). Although a minority of invasive species are woody plants, 
a small proportion of these are tolerant to shade, which allows them to invade 
undisturbed, closed-canopy forests (Reichard and Hamilton 1997, Martin et aL 2008). 
Shade-tolerant trees can endure periods of suppressed growth before recruiting to the 
canopy when gaps are created (Canham 1985). This low growth rate, in combination 
with the long generation cime of trees, results in lag phases that slow the invasion 
process, making it difficult to perceive as it unfolds, and hence, difficult to manage in 
its early stages (Wangen and Webster 2006, Webster et aL 2006, Herron et aL 2007, 
Martin et aL 2008). However, these long-lived, competitive species, which dorninate at 
the end of succession, have the potential to deeply modify forest ecosystems and to 
cause severe and pervasive impacts on plant communities (Wangen and Webster 
2006, Webster et aL 2006, Martin et aL 2008). 
A well-studied example is the invasion of North American forests by Acer 
platanoideJ L. (Norway maple), the most widespread species of ma pie in its native 
Europe (Santamour and McArdle 1982). Its attractive shape, vigorous growth, 
tolerance of harsh urban conditions, and ease of propagation make A. pla/anoides a 
prized landscape tree (Nowak and Rowntree 1990). It has been widely planted, in 
part, to replace Ulmus amerù:ana L. (American elm) decimated by Dutch elm disease 
(Nowak and Rowntree 1990). While perturbations such as the creation of edges, 
roads or disturbed soils, may favour A. platanoides establishment (Anderson 1999, 
Webb et aL 2001, Bertin et aL 2005, Webster et aL 2005, Wangen et aL 2006, Midy et aL 
2007), its shade tolerance, abundant production of wind-dispersed seeds, and ability 
to establish very dense seedling banks allow this species to invade even relatively 
undisturbed, closed-canopy forests (Webb et aL 2000, Fang 2005, Martin and Marks 
2006, Wangen et aL 2006) . 
. Acer platanoides trees have deleterious effects on specles richness and tree 
regeneration in the understory (Wyckoff and Webb 1996, Martin 1999, Webb et aL 
2000, Fang 2005, Galbraith-Kent and Handel 2008). Moreover, A. pla/alloides densities 
in the regeneration layer are much greater than those of seedlings and saplings of its 
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congener /1. JeI,dlamm Marsh. (sugar maple), in sorne cases even under /1. JeI,dlamm 
canopies (Webb and Kaunzinger 1993, Wyckoff and Webb 1996, Martin 1999) .. '1. 
.Iû,dltll71m is the dominant native tree at the end of successional processes in cool 
mesic forests of eastern North America; it is shade-tolerant and forms seedling banks 
(Canham 1985, Godman el aL 1990, Marks and Gardescu 1998). Thus, A. JtlidJal7lm is 
ecologically very similar to A. p/atanoideJ. Because A. p/alanoideJ not only can domina te 
the understory, but also reaches the canopy at least a deéade before /1. J'(/cc/.Jamm can 
(Webster et aL 2005), it is feared that the invader is displacing its native congener 
(Martin 1999, Webb el aL 2000, Webster et aL 2005, Martin and Marks 2006). 
Levine et a/. (2003) pointed out the importance of studying the mechanisms that 
underlie the observed impacts of invasions, and which have been often overlooked. 
ln the case of A. p/alanoideJ, many possible mechanisms have been proposed, aside 
From seed production, to explain its dominance over A. JacdJamm in the understory of 
closed-canopy forests. One hypothesis posits that A. p/alanoideJ seedlings or saplings 
could be inherently superior to those of /1. JacdJamm, given their higher survival 
(Sanford et aL 2003, Morrison and Mauck 2007), greater biomass resulting From 
bigger seeds (Meiners 2005), and more vigorous growth (Kloeppel and Abrams 1995, 
G6mez-Aparicio el aL 2008; a contrano: Sanford et aL 2003, Meiners 2005). It is also 
possible that A. p/alanoideJ juveniles could use resources more efficiently in Forest 
understories by having higher photosynthetic rates (Kloeppel and Abrams 1995, a 
,vntran'o: Morrison and Mauck 2007) and higher water use efficiencies (Kloeppel and 
Abrams 1995; a t"fJntrano: Morrison and Mauck 2007), However, low soil pH values 
were shown to slow down A. platanoideJ invasion by decreasing survival in shaded 
forests (Martin and Marks 2006). Higher soil pH are also beneficial to the growth of 
.• ,-1. .,acchamm seedlings (Kobe et aL 1995, Juice et aL 2006). 
Another possible mechanism conferring an advantage to the invasive over the 
native could be lower leaf herbivory levels (Cincotta et aL 2009; a t'Ontran"o: Morrison 
and Mauck 2007) and lower seed predation (Meiners 2005). In fact, hypotheses that 
have been frequently invoked to explain the success of invaders in their new range 
resort to sorne form of absolute or relative release From the influence of their natural 
enemies (Keane and Crawley 2002, Siemann and Rogers 2003, Torchin and Mitchell 
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2004). In the case of plant invaders, there is evidence both for and against the Enemy 
Re1ease Hypothesis (Mitchell and Power 2003, Colautti et al. 2004). 
;\ ftnal line of reasoning is that ./1. plalanoides canopy trees could hinder the 
regeneration of A. sacdJamm in some way while favouring their conspeciftcs (Wyckoff 
and Webb 1996, Martin 1999, Fang 2005, Galbraith-Kent and Handel 2008). One 
hypothesis is that these effects could be mediated by the dense shade projected by the 
canopy of./1. platanoideJ (Webb and Kaunzinger 1993, Martin 1999, Bertin et al. 2005). 
Indeed, laboratory and fteld experiments in Montana have shown that the deleterious 
effects observed in the understory could be explained by lower light levels under A. 
p/alanoideJ' canopies compared to native canopies (Rein hart et al. 2005, Reinhart et al. 
2006). However, unlike northeastem hardwood forests, no species with shade 
tolerance comparable to that of A. p/atanoides Ce.g. A. sacchamm and l:'àgus grandifo/ia 
Ehrh.) were to be found in the Montana site. Yet another study observed a strong 
positive effect of A. platanoides, even at low densities, on the growth of native 
seedIings, including A. saCi:hamm; this positive effect was even more pronounced for 
conspecifics, with the exception of yearlings (G6mez-Aparicio et al. 2008). The 
beneficial impacts of A. plalanoideJ' could be due to increased nutrient cycling rates and 
availability in the vicinity of the trunk (G6mez-Aparicio and Canham 2008). Finally, 
the presence of A. platanoideJ' in the neighbourhood can reduce herbivory levels on A. 
saCi:hamm (Cincotta el al. 2009). 
In brief, taken as a whole, the overall conclusions of the prevlOus studies are 
mitigated. But understanding seedling dynamics is crucial to predict succession and 
consequently, in this case, A. p/alanoideJ' invasion that could displace the dominant 
native species (pa cala et al. 1996). In consequence, our goal was todetermine the 
possible interactions and relative importance of several of the aforemenuoned 
ecological factors, aside from propagule pressure, in influencing the dynamics of A. 
platanoides and A. saCi:hamm seedlings in theunderstory. Moreover, comparing in situ 
very similar native and exotic congeners is particularly recommended to understand 
what traits promote invasiveness (Mack 1996). In this paper, we addressed the 
following questions: How do A. p/atanoides and A. sacchamm differ in terms of growth, 
biomass distribution and survival? How is the growth of the two species affected by 
the following ecological factors: leaf herbivory levels, low light levels, soil pH and 
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moisture and canopy species? To answer these questions, we planted ftrst year 
seedlings under exotic and native canopies in an urban sugar maple forest. We 
compared both species before transplantation and after a growing season. 
Materials and methods 
S /ttr/y .rite 
Mount Royal (45°30'N, 73°35'W') is a 190 ha urban forest that forms part of the 
Mont-Royal Natural and Historical Borough in the City of Montreal, Quebec, Canada 
(Thiffault 2003). The mount itself (elevation 232 m) is one of the l\'lonteregian Hills, a 
!inear chain of isolated hills that ex tends eastward across the St. Lawrence River valley 
from Montreal into the Monteregie region of southern Quebec (Boivin 1989). 
Average annual temperature is 6.2°C, average annual precipitation is 978.9 mm 
(22.2% as snow), and the growing season lasts for about 195 days, from mid-April to 
mid-September (Environment Canada, climate normals 1971-2000). 
Mount Royal is part of the sugar maple-bitternut hickory domain (Bouchard and 
Brisson 1996). The main native canopy tree species are ,,-1. .racc!Jamm, t<raxinHs 
amenmna L. (white ash), QtteralJ mbra L. (red oak) and Be/Hia papyrijëra Marsh. (paper 
birch). From 1960 to 1975, /1. pla/anoideJ was planted for restoration purposes in 
some parts of the park, as its invasive status was little known at the cime. However, 
A. pla/anoides also invaded the park via samaras that were wind-dispersed from the 
nearby streets. Consequently, A. pla/anoides is now one of the major canopy species in 
the forest and is widely distributed. While A. sacc!Jamm still is the canopy dominant, 
with three cimes as many o~erstory trees as the invasive species, the reverse is true in 
the understory, with A. platanoides having three cimes more juveniles (Midy et al. 2007). 
A fungus that originated from Europe, RJ!}/iJma acenl1Jlm (pers.) Fries., and which 
affects A. pla/anodes, was ftrst spotted in Montreal in 2004. This observation was 
made two years before the ftrst epidemic having important negative consequences on 
the growth of A. pla/anoides saplings and trees (Lapointe and Brisson 2009). RJ.!y/iJma 
spp. are host-speciftc pathogens; hence, the other maple species on the site Vi. 
sacc!Jal7lm, ,A. I7Ibnlm and A. saahanmlm) were not infectcd by R acen"nHm. 
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E'\penfllen/al.fe//ing 
Samaras of /1. pla/al/oides \Vere collected in t1Ùd-September of 2006 in city parks and 
along streets next to Mount RoyaL Samaras of "/1. JacdJantfll were collected at the 
beginning of September of 2006 from two sites in the Monteregie that were close to 
Montreal: Mont-Saint-Hilaire and Saint-Hyacinthe. The samaras were stratified for 
four months in sand and peat moss in a refrigerator that was maintained between O°C 
and 3°C. In t1Ùd-February, 300 emergent seedlings of eath species were sown into 
250 ml pots containing Pro-ML" (pret1Ùer Horticulture, Dorval, QC, Canada) and 
sand (50 kg of sand to 30 kg of Pro-Mix). The seedlings were maintained in a 
greenhouse at the Montreal Botanical Garden. They were watered and fertilized (with 
20:20:20 NPK) when needed. The temperature of the greenhouse was 12.0 ± 5.SoC 
(mean ± SD). 
In t1Ùd-May, the seedlings were moved outside the greenhouse pnor to 
transplantation. In t1Ùd-June, 120 seedlings of each species were randomly selected 
and transplanted on Mount Royal. At the sa me rime, we randomly selected an 
additional 24 A. pla/anoides and 27 A. J'al'-!Jarum seedlings to construct allometric 
equations for estimating the initial biomass of the transplanted seedlings. Their roots 
were carefully cleaned before air-drying the seedlings and separately weighing the 
roots, shoots and leaves. In the field, two sites (750 m apart) were selected that were 
both mesic, had not been eut in the past several decades, had a closed canopy, were 
representative of the dominant forest type found in the park, and comprised both A. 
Ja(charum and "A. platanoides as canopy trees. We randomly selected a total of 30 canopy 
trees ranging in diameter at breast height from 22 to 44 cm: 12 A. platanoideJ (31.6 ± 
4.2 cm in diameter), 10 A. Jai'(:harum (32.2 ± 7.6 cm in dia me ter) and eight trees from 
four other Iocally abundant species (two F. amencana, two Pù:ea glauf(I (Moench) Voss, 
two 'PinuJ JtrobuJ L., two Q. rubra; 31.8 ± 7.2 cm in diameter). The 240 seedlings were 
planted in groups of eight (four seedlings/species) around the adult trees. The 
seedlings were positioned 1.3 m from the trunk centre of each tree and at 45° to one 
another so that they were 1 m apart. The species were altemated so that one species 
would occupy the positions to the North, East, South and West of the tree, while the 
other species was in North-East, South-East, South-West and North-West positions. 
The positions occupied by each species were switched from one tree to the next. In 
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mid-September, exactly thrce months after transplantation, we harvested half of the 
seedlings (two of each species per tree, alternating cardinal directions, for a total of 55 
./1. platanoideJ and 56 A. j'llixharom because of los ses incurred) for biomass 
measurements. Leaves were pressed flat for leaf area measurements (l\fK2 Area 
Meter, Delta-T Deviees, Cambridge, UK). Both the shoot and the roots, which were 
carefully cleaned of mineraI soil, were air-dried prior to weighing together with the 
leaves. The remaining seedlings were left in place until spring to evaluate survival. 
DeJaiptùJe JJariableJ 
Before transplantation and at harvest, we measured the diameter at the base of the 
stem, the height and number of leaves of all 240 seedlings. Before transplantation, we 
made the same measurements on the 24 ./1. platanoideJ and 27 A. Jaccharom seedlings 
that had been harvested to construct allometric equations. We subsequently predicted 
initial biomass of the transplanted seedlings from these allometric relationships (? for 
leaves, stem, roots and total biomass, respectively; A. platanoides: 0.755,0.798,0.758, 
0.861; A. Jaû:barom: 0.626, 0.870, 0.747, 0.784). Total dry biomass (g), leaf dry mass 
(g), stem dry mass (g), root dry mass (g), foliar area (cm2) of the 55 A. pla/ano/deJ and 
56 A. Jac,harom seedlings harvestt:d in autumn were used to calculate the parameters 
shown in Table 2.1. Survival was recorded at several cimes during the 2007 growing 
season and in the spring of 2008. 
Table 2.1 A. platanoides and A. saccharum seedling growth and morphological 
parameters 
Parameter 
RMF (Root Mass Fraction) 
SMF (Stem Mass Fraction) 
LMF (Leaf Mass Fraction) 
SLA (Specifie Leaf Area) 
LAR (Leaf Area Ratio) 
RGR (Relative Growth Rate) 
NAR (Net Assimilation Rate 
per foliar area) 
Calculation 
Root mass/plant mass 
Stem mass/plant mass 
Foliage mass/plant mass 
Foliage area/ foliage mass (cm2 / g) 
Foliage area/total plant mass (cm2 Ieaf/g plant) 
ln y, -ln y , 
- 1 , where y = dlameter (RGR-D), length 
l2 - li , 
(RGR-H) or total biomass (RGR-B), t is in days 





After pressing the leaves, we eyaluated the proportion of the surface area of each Ieaf 
that was affected by herbivory (%), as dcscribed in Adams et al. 2009. Thcse values 
were then averaged per scedling. We used three categories of damage: chcwing, 
skeletonization and leaf miner damage (induding aU internalleaf damage that did not 
pierce the leat). We found no signs of browsing by vertebrates, nor were any gaUs 
present. Apart from the tar spot disease, bacteriai or viral diseases and other fungai 
infections were not considered, but evidence of these appeared to be negligible 
compared ro other kinds. Because of their nature, the presence of tar spots on A. 
p/alanoidu was not included in herbivory measurements, but rhese results are 
presented separately. 
Light 
The hemisphcrical sens or (BF2, Delta-T devices, Cambridge, VK) technique was 
used to measure available light in the forest understory (paquette et al. 2007). On 30-
31 July and 1 August 2007, one sensor was placed just above the crown of each 
secdling and another in a nearby open field. Simultaneous measurements were taken 
in the two locations to obtain the proportion of available light reaching the 
understory (% PAR). 
SoilpH 
On 7-8 May of 2008, mineraI soil samples (0-15 cm) were taken, a few cm from 
where the seedlings were planted, after removing the ground litter. Samples were air-
dried and sieved « 2-mm dia.), after which 10 g of soil were mixed with 20 ml 
distilled water. Soil pH was measured electrometrically on these suspensions. 
Soil moisture 
Volume tric soil water content was measured on 25 July and 8 September 2007 using 
an impedance-based sensor (ThetaProbe, Delta-T Devices, Cambridge, UK). Three 
measurements that were taken (to 6 cm depth) about 5 cm from each seedling were 
averaged for the analysis. For the first date, 39.2 mm of rain had faUen on 19-20 July, 
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with a total of 48.5 mm of precipitation over two weeks. For the second date, 3.2 mm 
of rain fcU two days before the measuref!lents, with addition al rainfaU after a week, 
for a total of 24.4 mm over two weeks. The measurements taken on the two dates 
\Vere averaged in the analysis. 
Data ana!YJù 
1) We used analyses of variance (ANOVA) to compare seedlings of A. platanoides and 
A. saccharum (Species) for aU of the aforementioned descriptive variables (y). For the 
randornized complete block design, the model was y = Tree + Species + Tree x 
Species, where Tree represents the 30 canopy trees as the blocks, and which were a 
random factor, together with the interaction term. Wh en the conditions of normality 
and heterogeneity of variance were not met, y were rank-transformed before 
performing ANOVA. In some cases we needed to use a non parametrical Friedman 
test. These analyses were carried out usingJMP 7 (SAS Institute Inc. 2007). 
2) Effects of the ecological variables (matrix X) on the descriptive variables (matrix 
Y) were analyzed using redundancy-based analysis (RDA). Both matrices were 
centred and standardized per variable prior to ordination since the variables in each 
matrix were not in the same units (Legendre and Legendre 1998, ter Braak and 
Srnilauer 2002). Separate analyses were conducted on A. platanoideJ and A. J'accharum, 
and were performed only on the harvested seedlings so that herbivory measurements 
could be induded. We used the foUowing descriptive variables: RGR-D, RGR-H, 
RGR-B and NAR; ther~ were five explanatory variables: herbivory, canopy spedes 
(A. platanoidu or A. J'aa:hamm, and a third variable, other native species), light, soil 
moisture and pH. Results were presented as correlation biplots with the descriptors 
and the explanatory variables. The forward selection method (ter Braak and Smilauer 
2002) was used to evaluate the relative impC?rtance of explanatory variables in the 
RDA model. Monte Carlo permutation tests (based on 999 permutations) were used 
to determine the level of significance of each explanatory variable. Analyses were 
carried on Canoco 4.5 for Windows and plotted with CanocoDraw for Windows 4.0 
(ter Braak and Srnilauer 2002). 
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3) Finally, we evaluated the influence of canopy specles on the other ecological 
variables: light, soil moisture, soil pH and herbivory. We used ANOVA to compare 
canopies of A. pla/anoides with ./1. stlldwmm, or with aIl native species. The model was: 
.Y = Tree[Canopy] (random) + Canopy, where Tree represents each of the 30 canopy 
trees and Canopy, the category of canopy type. For herbivory, we further analyzed the 
data for each species of transplanted seedlings separately. In cases where normality 
and heterogeneity of variance were rejected, y were rank-transformed before 
performing ANOVA. In sorne cases we needed to use a non parametrical test 
Wilcoxon (Mann-Whitney) test. We used a Chi-square test to compare the frequency 
of tar spot disease on A. platanoideJ seedlings, according to canopy type. These 
analyses were carried out using JMP 7 (SAS Institute Inc. 2007). AIl results were 
considered statisticaIly significant at P < 0.05. 
Results 
Comparùon f!f./1. platanoides and A. stlidJamm seedlings 
Survival was high for both A. pla/anoides and A. sacchamm seedlings; of the 120 
seedlings transplanted per species, each maple lost seven seedlings during the summer 
and A. s(li:chamm lost three more seedlings over the win ter. In detail, A. sacdJamm lost 
three seedlings under conspecific trees, two under P. JlrobllS, four under P. glallta and 
one under A. platanoides. A. platanoides lost five seedlings under P. glalli:a, one under P. 
Jlroblls and one under A. sacchamm. 
AIl other descriptive variables that we measured, including herbivory, together 
with results of ANOVAs which compared the two species, are presented in Table 2.2. 
Height did not differ between species, either prior to transplantation or at the end of 
the experiment. However, A. platanoideJ had greater total biomass than A. saa:hanfm, 
both before transplantation and at harvest; this result was also consistent for aIl 
biomass components (i.e., leaves, stem and roots) wh en they were considered 
separately. For example, A. platanoides was initiaIly 19% heavier than A. JûcdJamm, and 
this difference increased to 34% at harvest. Consequently, RGR-B was nearly twice as 
large for A. pla/anoideJ as for A. J·acchamm. A. platanoideJ had a greater number of leaves 
than A. J·aCi:hamm. Moreover, UR and SU estimates indicated, respectively, that A. 
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p/ala/loideJ had more foliage area per plant mass and more leaf surface per leaf mass 
than ./1. Ja(c!Jantm. 
Before transplantation, both specles invested more in lcaves than 10 other 
biomass components. At that time, although the LMF showed that . ...1. Jac(hantm 
invested a significantly higher proportion of its biomass in leaves, the leaves of A. 
p/alanoideJ were heavier. At harvest, biomass was more equaUy distributed among 
components for both species, but A. Jacchantm invested a slightly higher fraction of its 
biomass ~ roots, whereas A. p/atal1oides did in leaves. Thus, after their transplantation 
to the understory, both species shifted from leaves to investing in roots and stem, 
although the investment in the stem was not in height, but rather in diameter. FinaUy, 
the NAR of A. plata/loideJ was twice as important as that of its congener. 
Herbivory did not differ significantly between species, but it is interesting to note, 
that there was a significant difference in herbivory for the factor Tree (data not 
shown). The effects of the canopy species on herbivory are analyzed in Table 2.3. 
With regard to the presence of tar spots on A. plalanoides (data not shown), 45.5% of 
seedlings were infected and had, on average, 2.3 of their leaves presenting symptoms 
of the disease. Tar spots covered, on average, 8.6% of the surface of infected leaves. 
The inclusion of the disease increased the total foliar damage by 6.4% (11.88 ± 
10.14%). 
The inj7uence f!lecological jadors on Jeedlinggrowth parameters 
Figures 2.1 and 2.2 illustrate the results of redundancy analyses for A. platanoides and 
A. j"acchamm seedlings, respectively. The ecological factors explained 23.2% of the 
variation in the A. platanoides seedling responses (Fig. 2.1). Light was the only 
significant explanatory variable, contributing 18% of variance-explained to the mode!. 
Light waspositively correlated to aU RGR estimates and NAR, more so for A. 
p/atanoides than for A. jûcchamm (Fig. 2.2). The other variables did not make significant 
contributions. Yet, when considered on its own, soil pH came third in importance 
(explaining 4% of the variation in response) and was therefore somewhat more 
important than for A. J"aahamm seedlings. For A. p/alanoides seedlings, soil pH was 
strongly and positively correlated with RGR-H. 
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Table 2.2 Acer platanoides and A. saccharum seedling descriptive parameters before transplantation and at harvest. Mean 



















RGR-B (z/ gXday) 
NAR (g/m2xday) 
Herbivory e~/o) 
Before transplantation At harvest 
A. platanoides A. saccharum F- or Q-test A. platanoides A. saccharum 
n = 120 n = 120 n = 240 n = 120 n = 117 
3.60 (0.41) 3.40 (0.44) 11.15 (0.002) 5.02 (0.78) 4.26 (0.57) 
19.2 (5.5) 20.0 (5.1) 1.52 (0.228)\ 22.1 (6.4) 21.9 (5.2) 
13.7 (4.0) 11.5 (2.3) 23.91 «0.001) 11.1 (4.6) 9.6 (3.8) 
























0.0035 (0.0016) 0.0024 (0.0013) 
0.0014 (0.0015) 0.0010 (0.0008) 
1/ = 55 Il == 56 
3.215 (1.116) 2.117 (0.761) 
1.039 (0.422) 0.742 (0.285) 
0.990 (0.375) 0.657 (0.221) 
1.186 (0.455) 0.719 (0.334) 
298.9 (108.1) 172.6 (77.6) 
0.323 (0.074) 0.355 (0.053) 
0.308 (0.046) 0.319 (0.071) 
0.369 (0.070) 0.327 (0.080) 
258.6 (46.0) 242.6 (32.5) 
94.7 (22.2) 78.9 (21.0) 
0.0051 (0.0028) 0.0028 (0.0031) 
0.565 (0.395) 0.281 (0.705) 
11.17 (10.23) 13.90 (14.00) 
\ Rank transformation, 2 Friedman test 
F- or Q-test 
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Figure 2.1 RDA correlation biplot representing growth parameters (dashed 
vectors) and ecological factors (soUd vectors) of A. p/atanoides 
seedUngs (n = 55). The first and second canonical axes explain 
respectively 19.6% and 2.9% of variation in the data. ACPL: A. 
p/atanoides canopy, AC SA: A. saccharum canopy, "Othe!": other 
native canopy species 
The ecological variables explained 24% of the variation in the seedling growth 
parameters fo.r A. Jaavamm; herbivory explained 16%, mostly along the ftrst axis, 
while light explained 7% along the second axis (Fig. 2.2). Only herbivory and light 
contributed signiftcantly to the model. Herbivory and light were negatively and 
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Figure 2.2 RDA correlation biplot representing growth parameters (dashed 
vectors) and ecological factors (solid vectors) of A. saccharum 
seedlings (n = 56). The first and second canonical axes explain 
respectively 19.4% and 3.1% of variation in the data. AC PL: A. 
platanoides canopy, ACSA: A. saccharum canopy, "Other": other 
native canopy species 
Some tendencies emerged from RDA on both specles. The derived variables 
NAR, RGR-D and RGR-B were highly, positively correlated, consistent with 
expectation, but surprisingly less so for RGR-H. Height growth of A. pla/anoides 
seedlings was strongly, positively correlated with the presence of an A. platanoides 
overstory and weakly, negatively correlated with the presence of an A. Jaccharum 
overstory (Fig. 2.1), while the reverse situation was true for A. Jaccharum seedlings 
(Fig. 2.2). Herbivory levels were negatively correlated with the presence of A. 
platanoides in the canopy and positively with the presence of native species. Canopies 
of A. pla/anoideJ were associated with higher soil pH, while A. JaCi:harum canopies were 
associated with higher soil moisture content (see Table 2.3 for soil pH and moisture 
values). 
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When all 240 seedIings \Vere analyzcd togcther to compare the influence of 
canopy species on the other ecological variables (herbivory, light, soil moisture and 
pH), only light levels cliffered significantly both between /1. pla/anoideJ and ./1. 
.Îaccbantm canopies, and between./1. pla/anoides and native species canopies (Table 2.3). 
Soil pH values also cliffered when cano pies of A. pla/anoideJ were compared to all 
native species. The ANOVA rclating herbivory levels to canopy species showed 
trends that were similar to those observed in RDA in that there was a non statistically 
significant pattern of increased herbivory for both species under native canopies 
compared to exotic canopies. More precisely, /1. p/atanoideJ experienced 38% greater 
herbivory levels under A. Jacd)antm canopies and 52% under other native species 
canopies compared to levels observed under conspecifics; and A. Ja(cbantm suffered 
43% less predation under an A. plalanoides canopy and 15% less un der a canopy of 
other native species than under a conspecific canopy. The fallen leaves were not 
considered as resulting from herbivory; however, this might well have been the case 
and consequently, herbivory values were almost certainly underestimated. Finally, 
there was no difference in the frequency of tar spot clisease on A. plalanoideJ seedlings, 
based on canopy type (X2 = 0.87, P = 0.648, n = 25). 
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Table 2.3 Ecological factors measured under A. platanoides, A. saccharum and other native species canopies. Mean values (± 
SD) are given for each variable, together with test-statistics (P-values) for the canopy comparisons 
Factors A. platanoides A. saccharum Other native spp. ACPL vs. ACSA ACPL vs. aIl native spp. F- or V-test F or V-test 
n = 96 1/ = 80 1/ = 64 1/ = 176 1/ = 240 
Light (%) 2.53 (1.34) 1.69 (0.87) 1.43 (0.64) 22.36 « o.ooli 38.67 « o.ooli 
Soil moisture (%) 12.39 (3.20) 13.69 (4.83) 13.39 (2.82) 0.69 (0.415)1 1.41 (0.244)1 
Soil eH 5.98 ~0.55), 1/ = 95 5.67 ~0.40), 1/ = 79 5.45 ~0.62) 3.58 (0.073), 1/ = 174 5.79 ~O.023)1, 1/ = 238 
Herbivory (%) 1/ = 48 1/ = 39 1/ = 24 n = 87 1/=111 
9.52 (8.76) 15.16 (15.73) 14.35 (11.11) F = 2.44 (0.134)1 3.71 (0.065)1 
Hcrbiyory (%) by ACPL AC SA ACPL ACSA ACPL ACSA AC PL ACSA ACPL ACSA· 
secdling species 1/ = 24 1/ = 24 1/ = 19 n = 20 1/ = 12 1/ = 12 fi = 43 1/ = 44 1/ = 55 1/ = 56 
8.96 10.08 12.40 17.78 13.62 15.07 0.70 3.10 2.27 3.16 
(7.14) (10.26) (13.47) (17.56) (9.50) (12.91) (0.414)1 (0.094)1 (0.143)1 (0.087)1 
1 Rank transformation, 2 Wilcoxon Test 
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Discussion 
Crowtb. bioH/tw' dùttiblltion al1d .mmi"al of/l. platmloides llIId ,/1. Jtlü'lJamH/ seedlin..gs 
We have found that, in the case of ft.rst-year seedlings in a low Iight forest 
environment, ft platanoides and A. JaabamH/ did not differ in height. Obviously, a 
superior height growth rate is a definite competitive advantage for faster canopy 
recruitment. However, it 1S possible that differences in RGR-H could appear later in 
their development or after an episode of release, with A. platanoidu being a more 
efficient coloruzer of gap openings (M:artin and Marks 2006). Indeed, as saplings, A. 
platanoidu have a higher RGR-H than A. Ja.",hamm (Kloeppel and Abrams 1995, 
Lapointe and Brisson 2009). 
For aU of the other descriptive variables measured, A. platanoides was bigger. For 
example, values of RGR-B and NAR (the latter indicates biomass produced on a leaf 
area basis) \Vere twice as large for the invasive as for the native. Consequently, not 
only is A. platanoides initiaUy bigger, possibly because of a bigger seed (t'v1einers 2005), 
but its growth during the course of our experiment was also greatly superior to that of 
_,-1. saechamm. As saplings, A. platanoides also shows better carbon assimilation rates 
than A. s{U't'lJamm, as derived from higher field photosynthetic net rates (Kloeppel and 
Abrams 1995). However, both species exhibited similar patterns of biomass 
distribution, both in the greenhouse and at the end of the growing season in the 
forest. This pattern was also observed in seedlings of a previous study (Sanford et al. 
2003) and could indicate similar adaptations to their environment. 
There were important differences in the leaves of the two congeners that may 
drive the difference in RGR-B. Leaves were more numerous for A. platanoides 
compared to A. saa'lJantm; foliage biomass was 1.6 times higher, with a 1.7 cimes 
greater surface area. Our results agree with previous studies in that A. p/atanoidu 
yearlings had more leaves than rheir congeners (Morrison and Mauck 2007). Both 
higher SU, which indicates thinner leaves, and higher LAR for A. platanoides imply 
that biomass investment in leaves yielded greater light interception potentialand 
carbon gain than for A. Jaa'lJa17lm (Walters and Reich 2000). Superior UR is also 
related to a higher growth in high and low Iight environments (Walters and Reich 
1996). Furthermore, Kloeppel and Abrams (1995) suggested that the thinner but 
denser (i.e., more mass per unit area) leaves of platanoideJ could explain its higher 
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photosynthetic rate compared to ./l. ,filcc/Jantm. Leaf phenology could be a further 
advantage to .L'1. p/alanoideJ because it bears leaves for a few days more th an does /1. 
Ja/,'t;/Jantm (Kloeppel and Abrams 1995, Morrison and Mauck 2007). Finally, /1. 
p/iltanoideJ had a root system with 1.4 times more biomass than A. Jan'/Jantm, which 
could balance its resource-demanding foliage. 
Survival in the low light conditions Oess than 2% PAR, on average) of this 
experirnent was high for both species, perhaps because seedlings emerged in a 
favourable environment or because the winter was warmer than usual and seedlings 
were insulated under a thick layer of snow for almost the whole cold season. Survival 
was similar for both species during the growing season (94%). Over the win ter, which 
is often the critical period for yearlings, A. J"acc/Jamm incurred mortality (5%) while A. 
p/alanoidej' did not. Other studies also have found that survival after seedling 
transplantation in the understory did not differ between the two species in the fust 
growmg season, but that differences favouring A. plalanoideJ emerged later on 
(Sanford et al. 2003, Morrison and Mauck 2007) .. Also, a higher RGR-B in field 
conditions, estimated with the same formula presented here, can constitute an 
important advantage in that, as Walters and Reich (1996) demonstrated, it is positively 
correlated with seedling survival in deep shade. Even small differences in growth can 
have large differences in survival since these differences in performance accumula te 
over time in long-lived species. However, in contrast to what they had found in 1996, 
Walters and Reich (2000) did not detect differences across species in low light based 
on growth rates. Contrary to their previous study, their second experiment compared 
shade-intolerant broad-leaf trees with conifers, i.e., species that are very different 
from those of Acer. 
Even if A. platal1oidej' yearlings possessed defmite inherent advantages over A. 
Jaanantm, propagule pressure is a very important factor in plant invasions (Lockwood 
et al. 2005, Von Holle and SimberIoff 2005) and would be the most straightforward 
explanation for the dominance of A. p/alanOldej' in the understory. To our knowledge, 
comparisons in seed production by both congeners have not been directIy made. 
Moreover, such comparisons would need to take place over multiple seasons since 
seed production in both species varies greatly from year to year (Houle 1999, Meiners 
2005). 
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The importance qfleafherbù)ory on seedlinggrowth 
The proportion of variation in growth parameters that was explained in the RDA by 
ail ecological factors was somewhat low (23% for A. platanoides and 24% for A. 
sa({;harum). The most likely reason is that the study site did not present large gradients 
of either light or soil conditions because the seedlings were transplanted under closed 
canopies into sites where both species co-occurred in the canopy. However, the 
significance of two factors, light and herbivory levels, emerged from the analyses. 
When the herbivory levels that were observed in A. platanoideJ and A. saccharum 
seedlings (11 % and 14% respectively) were compared, the proportion of affected 
leaves did not significantly differ between species. Our results are comparable to 
those of Morrison and Mauck (2007), who examined leaf herbivory in A. platanoides 
and A. Jaccharum yearlings (about 10% for insects or slugs in August) and also did not 
find a significant difference between the two species. The present study and that of 
Morrison and Mauck (2007) contrast strongly with the results of another study on leaf 
herbivory in older plants (Cincotta et al. 2009) which found greater herbivory for A. 
Jaaharum than for A. p/atanoides, although absolute herbivory levels of both species 
were lower in that latter study. This apparent contradiction illustrates that ontogenic 
stage must be considered when assessing herbivore damage to a plant because its 
development can affect its defences, its tolerance, as weil as herbivore preference (for 
a review, see Boege and Marquis 2005). In general, invertebrate herbivores prefer 
young plants (Fenner et al. 1999). Consequently, it could be tested wh ether A. 
platanoides, as new seedlings, are better protected against herbivores than A. saccharum, 
or as the plants mature, the exotic could develop better defences than the native. 
Whlle herbivore damage on A. platanoideJ and A. JaahanlJJJ had been compared in 
previous studies, tlle resulting impacts on plant growth had not been investigated 
(Morrison and Mauck 2007, Cincotta et al. 2008). Our results from RDA indicate that 
herbivory was more important for the growth of A. Jaccharum than that of A. 
platanoides seedlings, more so than light, and explained as much as 16% of the 
variation in A. Jaaharum growth. For A. saccharum, herbivory decreased RGR-B and 
NAR, and might explain the large variation measured in these parameters. It is 
possible that A. p/atanoideJ seedlings were less affected by similar herbivory levels 
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because they had more leaves, with a greater surface area, and hence, the same 
proportion of herbivory stillleft a higher leaf surface for photosynthesis. 
Future studies could consider other types of interactions with natural enemies. 
For example, the soil biota was found to facilita te invasions by .-'1. p/attilloides (Reinhart 
and Callaway 2004) and other plants (Richardson et aL 2000, Callaway et al. 2004, 
Agrawal et aL 2005). Moreover, pathogens can be host-specific or exert different 
effects, depending on the host (Klironomos 2002, Callaway et aL 2004). The damage 
and its resulting impacts should also be assessed at various plant life stages. 
Altematively, on a molecular or biochemicallevel, one could compare how the two 
species differ in terms of secondary metabolites and their expression. Moreover, it is 
necessary to monitor what will be the influence of tar spot disease in the coming 
years, especially its effects on the regeneration. We have previously shown that the 
disease can severely impact the growth of saplings and trees, and sapling survival, but 
we did not measure its impact on seedlings (Lapointe and Brisson 2009). In the 
current study, the fungus damage was not important compared to that of invertebrate 
herbivores. However, the seedlings had been transplanted la te in the spring, probably 
past the peak inoculation period for the fungus (Hudler et al. 1998). 
The density and proximity of conspecific or congeneric canopy specles can 
increase seedling mortality through an increased probability of herbivore, predator or 
pathogen damage. This mechanism, the ]anzen-Connell effect Ganzen 1970, Connell 
1971), was proposed to explain the high tree diversity in tropical fores ts and has also 
been shown to occur in North America (packer and Clay 2000). In the present study, 
there was a tendency, as illustrated by RDA, of higher herbivory levels for A. 
Jaccbarum seedlings under conspecifics (17.6% un der conspecifics versus 10.3% under 
A. p/atanoideJ), even though the results of ANOVA were non-significant (P = 0.09). 
However, even for A. platanoides seedlings, higher herbivory levels were associated 
with A. mco'barum or native canopies. In the analyses of both species, A. p/atanoides 
canopies were thus associated with lower herbivory, although the difference between 
herbivory levels for both species combined under exotic versus native canopy was not 
significant (P = 0.065). Cincotta et aL (2009) also observed that herbivory on .A . 
.lû,~lJal7lm leaves was reduced when they were surrounded by A. p/atanoides. 
Conversely, Gomez-Aparicio et al. (2008) suggested that the ]anzen-Connell effect 
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might explain the higher mortality rates of A. p/a/anoideJ seedlings under conspecific 
canopies. In contrast, the mortality we observed was low, and no secdlings of either 
species died during the summer under an /1. p/atanoideJ canopy. 
Grow/h al1d IlIIdm/ory /igbt /etJelJ 
Higher light intensities favoured the growth of both specles. It was the most 
influential factor for A. p/a/anoideJ seedlings explaining 18% of the variation in 
growth, compared to 7% for A. Jaavamm seedlings. The greater influence of light 
levels on the growth of A. p/atanoideJ seedlings could result from two situations. 
Firstly, lower light levels could have. been more detrimental to the growth of A. 
platanoideJ than they were for A. Ja"'/Jamm. Secondly, it is most likely that A. pla/anoideJ 
responded better to even small increments in light intensity because, as we have 
shown, its foliage characteristics allow more efficient light capture. Moreover, when 
compared to A. JacdJamm, A. pla/anoideJ did not seem to face a trade-off between 
maintaining higher growth Ce.g., through high UR) and survival in low light. 
Interestingly, higher light levels in the understory were associated with the 
presence of A. platanoideJ in the canopy. Previous studies had suggested that, on the 
contrary, A. pla/anoideJ casts deeper shade than native species, although this assertion 
had not been verified experimentally (Webb and Kaunzinger 1993, Wyckoff and 
Webb 1996, Martin 1999, Bertin et aL 2005). However, the tar spot epidemic of the 
previous year, which affected only A. pla/anoideJ, might be a confounding factor in 
that crown damage was still apparent the following year (M. Lapointe pers on al 
observation). At any rate, longer term studies are needed to clarify the relationship 
between A. platanoideJ and understory light levels to verify if what we observed was 
simply a transient state resulting from the tar spot epidemic. If the levels we measured 
on this relatively small canopy tree sample are representative of healthy A. platanoideJ 
canopies, then higher light levels could indeed have been beneficial to both species, 
especially for conspecific seedlings because of the greater influence of light on their 
growth rate. 
The ùifluena: ofJoil,haraderiJ/ù:r on growth 
Soil pH and moisture had no significant influence on seedling growth, though soil pH 
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\Vas more important for A. p/a/anoideJ" than /1. Jat't'bamm. The greater influence of soil 
pH on /1. p/a/al1oideJ" growth could indicate, as t\fartin and Marks (2006) observed, that 
the invasive was most vulnerable to lower soil pH values. Alternatively, it could also 
signify that /1. p/atanoidex benefited most from increases in soil pH without being 
greatly disadvantaged by lower soil pH values compared to ./1. JCIt,·bamm. As 
mentioned earlier for light, these are but two alternative interpretations, yet A. 
p/atanoidex did not seem disadvantaged when compared to its congener in this 
experiment. It is possible that by measuring nutrients directly, e.g., soil and foliar 
nitrogen, we could have found an influence on the growth of our seedlings. While 
nitrogen is often an importal).t liming nutrient in terrestfial ecosystems (Vitousek and 
Howarth 1991, LeBauer and Treseder 2008), several studies have determined it not to 
be limiting for seedlings in low-light forest understories (Canham et al. 1996, Walters 
and Reich 1996, 2000, Martin and Marks 2006). 
We expected to find differences in soil pH between native and exotic canopies, as 
reported in a recent study (G6mez-Aparicio and Canham 2008). Soil moisture and 
pH did not differ significantly under both Aœr canopy types, although soil moisture 
was slightly lower and soil pH slightly higher under the invasive. However, when all 
native species were incIuded, A. platanoidex did present a significantly higher soil pH. 
, 
G6mez-Aparicio et al. (2008) have suggested that higher soil fertility found under A. 
p/atanoideJ trees might be of the most bene fit to seedlings of conspecifics and fast 
growing species. The trends that we observed pointed in that direction, in that soil 
pH was more important to A. p/a/anoideJ seedlings, and ./1. p/atanoide.r canopies were 
associated with higher soil pH than native canopies. It is thus possible that the 
influence of soil pH could become more important as seedlings age. 
Syn/hesis f!fthe canopy ifleds 
Considering the trees in the neighbourhoodof seedlings, as did G6mez-Aparicio et al. 
(2008), might have increased the explanatory power of the canopy species variable 
and its influence on the other ecological variables, especially in terms of herbivory 
and light levels. These authors showed that individual trees could influence the 
properties of the soil around them, but these effects decreased within a few meters 
away from the trunks. While the influence of each canopy type on growth remained 
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low, the presence of ,/1. pla/alloie/eJ' could have been beneficial to both species. The 
beneficial effects on ,/1. pla/alloit/es seedlings could be mediated through higher light 
levels and higher soil pH values. In the case of A. Jat'l:bamm seedlings, higher light 
levels would also be favourable, but the trend towards Iower herbivory levels would 
also improve growth. 
Conclusion 
The range of ecological factors measured had sorne influence on seedlings growth. 
Leaf herbivory, in particular, could give advantage to A. pla/anoit/es over A. Ja(fhamm; 
not because of lower relative levels, but rather causing more benign impacts on its 
growth. At any rate, A. pla/anoides was aIready superior in biomass and had more 
leaves before the transplantation, i.e., before leaf herbivory caused any damage. After 
analysing a comprehensive array of growth and biomass distribution parameters, the 
robust A. pla/anoie/es seedlings demonstrated certain advantages over the native 
dominant A. J'at'cbamm. On the one hand, the higher growth estimated in the course 
of the experiment for A. pla/anoides in the shaded forest understory could result in a 
higher survival if this advantage is maintained in the future. On the other hand, A. 
pla/anoie/es seedlings cou Id also bene fit more readily from canopy openings because of 
their advantageous foliar characteristics. 
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Abstract 
N01"\vay maple (/lœr p/alanoidcJ] invasion into North American forests is considered to 
have deleterious effects on native flora richness. One explanation for Norway maple's 
success as an invasive is that it may have escaped its naturai enemies and thus, would 
be Iess predated upon than its indigenous congener, sugar maple (/1. Jal:cbamm). 
However, N orway mapie has been reunited with one of its natural enemies from 
Europe, RJ!ylüma aminum. an adventive fungus (hat causes tar spot disease. Epidemics 
of this disease have spread over the years in various locations within North America. 
The present study aims to quantify the impacts of the disease on the growth and 
survival of Norway mapie. In an urban forest, we compared the growth of Norway 
maple saplings and trees before the disease was fIrst observed and after tar spot 
outbreaks of 2006 and 2007. We found a strong link between the appearance of the 
disease and a very sharp decline in sapling and tree growth, together with high 
mortality of Norway mapie saplings that could not be attributed to normal 
senescence. Moreover, no especially detrimental climatic conditions likely occurred at 
the same cime as the epidemics since sugar maple, which is very similar ecologically to 
Norway maple, was unaffected by the disease and did not suffer any diminution in 
growth. Finally, while Norway maple usually exhibits higher growth rates than sugar 
maple, the reverse situation was observed after the epidemics. Although longer-term 
studies are needed, our results suggest that the invasion potential of Korway maple 
could be reduced by the exotic disease. 
Keywords: Ai'cr plalanoidcJ, plant invasion, tar spot disease, RJ!ylüma aterimtm, Enemy 
Release Hypothesis, Aar Jaa:hamm 
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Introduction 
Humankind has drastically altered the composition, structure and processes of natural 
ecosystems. One motor of this global change is the intentional or accidentaI 
introduction of exotic plant species, which develop an invasive character (Vitousek el 
al. 1996, Mack el al. 2000). Relatively few woody species invaders have been reported 
in the literature in comparison to other life forms, and even fewer for shade-tolerant 
species (Reicha rd and Hamilton 1997, Martin et al. 2008). The vast majority of these 
invaders have been helped in their naturalization process through landscaping, 
agriculture or forestry (Reichard and Hamilton 1997, J\Iartin et al. 2008). Norway 
maple Ç/lœr plalalloides L.) is an example of an Eurasian tree that is invading temperate 
forests of the north-eastern United States and Canada, where it has been widely 
planted in landscaping to replace elms elinùnated by Dutch elm diseàse (Nowak and 
Rowntree 1990). Because it is shade-tolerant and has a large wind-dispersed seed 
production that forms seedling banks, it can invade urban woodlots and even 
undisturbed forests (Webb and Kaunzinger 1993, Kloeppel and Abrams 1995, Martin 
1999, Webster et al. 2005, Martin and Marks 2006). There have been numerous 
studies demonstrating that Norway maple has deleterious effects on species richness 
in the understory and that it can outperform the native sugar maple V1cer Jat~'hantm 
Marsh.) (Kloeppel and Abrams 1995, Wyckoff and Webb 1996, Martin 1999, Fang 
2005, Reinhart et al. 2005, Galbraith-Kent and Handel 2008). For example, Norway 
maple could recruit into the overstory of mi."œd conifer-hardwood forest 12 to 22 
years before sugar maple could in Michigan, USA (Webster et al. 2005). 
Several mechanisms have been proposed to explain why some plant specles 
become invasive in their new range, while the y are not overly abundant in their native 
habitat. One favoured line of thinking is that, during the translocation of a plant, 
natural top-down control that is exerted by herbivores and pathogens becomes 
disrupted, which results from invasion bottlenecks (Colautti et al. 2004, Torchin and 
Mitchell 2004). lndeed, the Enemy Release Hypothesis (ERH) has proposed that 
some species become invasive by escaping their natural enemies, which are not fully 
replaced by new ones in the new range, thereby allowing them to increase their 
distribution and abundance (Keane and Crawley 2002, Siemann and Rogers 2003). 
This hypothesis is controversial (C?lautti et al. 2004) but with respect to invasive 
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plants, there is strong support for the ERH in the case of fungal and viral pathogens. 
In a meta-analysis of 472 species, invasive species have been shown to have 84% 
fewer fungai and 24% fewer viral pathogens in their introduced range, and those that 
experienced the greatest release from their enemies are known to be more noxious 
weeds (Mitchell and Power 2003). 
In the case of Norway maple, ERH cou Id be one of the mechanisms conferring 
its invasive success. At the communiry Ievel, sugar maple was more affected by 
enemies than Norway maple in the case of seed predation ~feiners 2005) and Ieaf 
damage (Cincotta et al. 2009). Moreover, at a biogeographicai scale, ERH has been 
demonstrated in the case of leaf herbivory Ievels, which were higher in Europe than 
in North America (Adams et al. 2009), and in the case of soil pathogens (Reinhart and 
Callaway 2004). In contrast, one study comparing foliar insect herbivory and disease 
symptoms has reported the same Ievel of damage for sugar maple and Norway maple 
and concluded .that the success of the latter could not be attributed to escape from its 
naturai enemies (Morrison and Mauck 2007). At any rate, one of the main reasons 
why Norway maple is often a preferred ornamental species is because it is not 
severely affected by pests (Cincotta et al. 2009). However, the endophytic fungus 
Rhylùma at:erinum (pers.) Fries. (Rhytismataceae, Ascomycota), which is a natural 
enemy of Norway maple, has been unintentionally introduced into North America, 
causing severe epidemics of tar spot disease in various locations (Hudler et al. 1998, 
Adams et al. 2009). Reunion of an exotic plant with an adventive naturai enemy has 
occurred at several times in history. Possibly the most dramatic case would be the 
accidentaI immigration of potato blight (Pl!Jtophthortl injèstans (rvlont.) de Bary) from 
the Andes to Ireland that caused an epidemic, which resulted in the Great Famine in 
1845 (Abad and Abad 1995). Other recent reports have illustrated spontaneous 
reunions of exotic invasive plants with their natural enemies, which reduce the fitness 
of the former. Such examples include the cases of the common reed (PhragmiteJ 
atUlra/ù (Cav.) Trin. ex Steud.) (Tewksbury et al. 2002) and melaleuca or paperbark tea 
tree (lYle/a/eu~'Cl quil1quenervia (Cav.) S.T. Blake) (Rayamajhi et al. 2008) in North 
America. 
The presence of tar spot disease on Norway maple in North America was 
reported in the literature for the fust time in Ohio around 1940' (Waterman 1941). 
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For unknown reasons, it was not until the 19805 that cpidemics were observed in the 
State of New York (Waterman 1941, Hudler el al. 1987). l\Iore recently, the)' have 
spread to various locations in eastern North America and have been reported only on 
Norway maple (Hudler et al. 1998). RJ!yoftÙIllCl acenlUllll is native to Europe and is 
distinct from R alllenmntllll, the species that affects the indigenous red and silver 
maples (/1. mbmm and .A. Ja, ... bcm"lltlm) in North i\merica (Hudler et al. 1998). In 
Europe, the fIrst mention of the fungus dates back to the end of the 19rh century 
(Jones 1925). Since then, studies on the subject have been more often associated with 
sycamore ma pIe VI. pJetidoplatanuJ) than with Norway maple (e.g., Cannon and Minter 
1984, Weber and Webster 2002). 
The resulting symptoms of R acennllm on Norway maple are conspicuous tar-like 
spots of about 15 mm in diameter, which are observed at "the end of summer (Jones 
1925, Cannon and Minter 1984). Symptoms fIrst appear as chlorotic spots on the 
leaves a few weeks before evolving into stromata, i.e., the black spots on the upper 
epidermis. As in aIl Ascomycota, the fungus produces ascospores in asci that develop 
and mature in the stromata during the win ter. The infection occurs in spring when 
ascospores from overwintered, infected faIlen Ieaves are released to infect new Ieaves 
by entering their stomata. The disease can sometimes cause premature de foliation and 
is unsightly on trees grown for ornamentai purposes (phillips and Burdekin 1992). 
Because the negative effect on the Ieaves appears Iate in the growing season, there is a 
widely held belief among arborists that the disease has little overaIl impact on tree 
health. However, in studying the stand dynamics of Norway maple in a natural are a of 
Michigan, Webster et al. (2005) have suggested that tar spot epidemics that appeared 
around 1998, and which caused extensive de foliation in peak years, could be 
responsible, in part, for the premature decline in basal area increment which they 
observed in a sample of 33 overstory Norway maples. 
In this study we asked the foIlowing questions: What were the effects of the fIrst 
occurrence of tar spot epidemics on the growth and survivai of Norway maple 
saplings and trees in a forest ecosystem? Moreover, how did the growth and survivai 
of Norway maple compare to that of sugar maple which was not infected by the 
fungus? Our study site was an urban sugar maple forest that had been heavily invaded 
by Norway maple, which experienced a fIrst tar spot epidemic of high intensity in 
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2006, followed by a less intense one in 2007. Our results could therefore shed sorne 
• r 
light on the potential for this new ÙÎsease to moderate the invasion process of 
Norway mapie in natural areas of North America. 
Methods 
Site dwracterùtia 
Mount Royal (45°30'N, 73°35'W) is a 190 ha urban forest that forms part of the 
Mont-Royal Natural and Historical Borough in the city of Montreal, Quebec, Canada 
(Thiffault 2003). The mount itself (elevation 232 m) is a member of the Monteregian 
Hills, a linear chain of isolated hills that extends across the St. Lawrence River valley 
from Montreal into the Monteregie region of southem Quebec (Boivin 1989). 
Average annual temperature is 6.2 oC, average annual precipitation 1S 978.9 mm 
(22.2% as snow), and the growing season lasts for about 195 days, from mid-April to 
mid-September (Environ ment Canada, climate normals 1971-2000). 
Mount Royal is part of the sugar maple-bittemut hickory domain (Bouchard and 
Brisson 1996). The main native canopy tree species are sugar maple, white ash 
(J:ra:x.inus amerimna L.), red oak (Quen'lls I7Ibra L.), and paper birch (Be/tt/a papyrijèra 
Marsh.). Norway maple was planted extensively in openings in the park between 1960 
and 1975, as its invasive status was little known at the cime. Individuals have also 
been recruited from samaras that have been wind-dispersed from street trees outside 
the park. Consequently, Norway maple is now one of the major canopy species in the 
forest. While sugar maple remains the dominant canopy species, with three times 
more overstory trees than Norway maple, the reverse is true in the understory, with 
Norway mapie having three cimes more juveniles than sugar maple (Midy el al. 2007). 
Regarding the pathogen, R aœrinum was fU'st spotted in Montreal in 2004, two 
years before the fmt epidemic. In 2006, the Fust tar spot epidemic of high intensity 
caused complete de foliation by the end of August. This was followed in 2007 by a 
less intense epidemic that caused premature, but partial de foliation that occurred L'1ter 
in the season. R1!ytùma fungi are host-specific; hence, sugar maple, red maple and 
silver maple on the site were not infected by R aœrinum. 
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rocal.lpeàeJ 
Recause environmentai conditions can either fa\'aur or hinder growth, we studied 
another species in the same site ta provide a baseline of these conditions. We chose 
to study sugar maple along with Norway maple because the two species are very 
similar ecologicaIly. Both thrive in drywood, mesic forests and both are late-
successionaI, shade-tolerant species that produce seedling banks (ivlarks and Gardescu 
1998, Webb et a/. 2001, Sanford et a/. 2003, Martin and Marks 2006, Morrison and 
i\1auck 2007). Therefore. we hypothesised that a decrease in growth of Norway maple 
failowing the epidemic, which was not accompanied by a comparable decrease in 
sugar maple found in the same environment, provided evidence that this decline 
could be attributed to the disease rather than to unfavourable climatic conditions. 
Fïeld tee/miqueJ and laboreltory proœdllreJ 
We evaluated growth and health status between October 15 and November 15 of 
2007. At this cime, the growth period is thought to be over but the trees have not yet 
shed their Ieaves. 
1) Sapling Health 
We evaluated qualitatively the health of Norway maple and sugar maple saplings (1 
cm ~ DBH < 10 cm, Norway ma pIe: n = 194, average DBH = 2.5 cm; sugar maple: n 
= 110, average DBH = 2.8 cm), along four randomly positioned transects (varying in 
length from 150 m to 300 m) in zones representative of the sugar maple-bitternut 
hickory, sugar maple-red oak, and Norway ma pIe forest communities found in the 
park (Midy et al. 2007). We assessed ail individuais that were found within 3 m of 
either sides of each transect, and which were at Ieast 3-m apart from one another. 
Health status of each individuai was assigned according to three categories: 1, in good 
health or has suffered moderate damage (2 50% of foliage remaining); 2, has suffered 
severe damage « 50% of foliage remaining); and 3, is dead. Saplings that had 
suffered mechanicai damage were not considered in our survey, nor were individuais 
included whase death could have occurred before the previous growth season (using 
bark colour, and stem and bud dryness as guides). 
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2) Sapling Growth 
a) Extension Growth 
We sampled the same individuals that were assessed for sapling health, unless they 
exhibited shoot dieback or were dead. Extension growth was measured on the highest 
branch that did not present signs of dieback (using terminal bud scars to separate 
yearly increments), going back four years to 2004 (Norway maple: /1 - 54, sugar 
maple: n = 97). 
b) Radial growth 
We selected individuals in the same manner as described above, except that we used 
five randomly positioned transects instead of four. We cut live Norway maple 
saplings at 30 cm above ground Ievel from wruch we removed a section of the stem (n 
= 96, average diameter of 2.9 cm). Because this sampling is destructive and we were 
working in a protected site, the native sugar maples were not sampled. The samples 
were . air-dried for four months before being sanded for analysis. We made radial 
growth measurements under a microscope with a VELM EX sliding stage connected 
to an encoder (precision of 0.001 mm) and the software Measure J2X (VoorTech 
Consulting 1999, Holdemess, NH, USA). Two aligned rays (300 to the widest 
diameter) were analysed per sapling and then averaged. We measured the tree rings 
going back five years to 2003. 
3) Tree radial growth 
Tree health was not quantified sin ce none presented signs of severe damage. We 
analysed tree ring growth of Norway maple and sugar maple trees P- 10 cm DBH; 
Norway maple: n = 123, average DBH = 28.4 cm; sugar maple n 32, average DBH 
30.1 cm). We selected trees in the same fashion as the saplings. We collected 
shallow increment cores at a height of 30 cm above-ground. Because of possible 
damage due to coring (Grissino-Mayer 2003) and the fact that we were working in a 
protected area, we sampled only a limited number of sugar maples. For the same 
reasons, we took only one increment core per tree (always in the same orientation 
where possible, towards magnetic North). The samples were kept frozen in drinking 
straws before they were glued on wood core mounts, air-dried for a week, and then 
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sanded. We performed tree-ring analyses of our increment cores with the same 
equipment described for sapling radial growth. 
S tatùtical alla!yJù 
To compare growth differences among years for saplings and trees within species, we 
performed a global Friedman test. The data were not distributed normaily and were 
paired, necessitating the non-parametric approach. For each species, years were levels 
of the treatment factor, with blocking on the individual trees. 
If the global test proved significant, we performed pairwise comparisons between 
years, using Wilcoxon signed-rank tests. P-values were corrected by the Holm's 
procedure for multiple testing (Legendre and Legendre 1998, Zar 1999). To compare 
responses between species for a particular year, we used Wilcoxon rank sum tests. 
Statistical procedures were performed in the R environment (R Development Core 
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Figure 3.1 Health status of Norway maple (n = 194) and sugar maple (n = 110) 
saplings. Pearson's Chi-squared test on sample counts, including 
healthy individuals: X = 129, dE= 2, P < 0.001 
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A much greater proportion of Norway maple saplings had suffered severe damage 
and mortality compared to sugar ma pIe (Figure 3.1). The timing of damage strongly 
suggests that it was caused by the 2006-2007 tar spot epidemics. We also noted when 
saplings suffered from dieback of at Ieast the terminal shoot: 64% of Norway ma pIe 
exrubited trus symptom compared to 10% of sugar maples. Qualitatively, it was 
apparent that mortality Ievels were abnormally higher than baseline mortality rates of 
N orway maple. The discrepancy in sam pIe sizes between Figures 3.1 and 3.2 was due 
to the severity of damage that prevented elongation growth measurements. In the 
case of N orway maple, the elongation growth could be measured on only 28% of the 
saplings that were evaluated for health status. We measured the presence of tar spots 
(i.e., full development of black tar spots, and Iess advanced stages of discolouration 
attributed to other causes), not only on Norway maple saplings, but also on trees and 
seedlings in 2007 to find that 78% of saplings, 100% of trees and 30% of seedlings (n 
> 240) were infected. 
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Figure 3.2 Mean annual height increment (± SE) of Norway maple (n = 54) 
and sugar maple (n = 97) saplings. Significant differences among 
years within each species, as indicated by Wi1coxon signed-rank 
tests, are labeUed with different letters (global Friedman test: sugar 
maple, Q = 31.6, df= 3, P <0.001; Norway maple, Q = 31.0, df= 3, 
P<0.001) 
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The anaiysis of sapling height increment suggests that damage to Norway mapie 
saplings started to occur in 2006, concomitant to the decline in the growth of Norway 
mapie (Figure 3.2). This de cline was significant in 2007 (the difference in growth 
between 2005 and 2006 was nearlysignificant, P = 0.0526). During the same cime, 
there was a slight increase in the growth of sugar mapie. Moreover, wh en the two 
species were compared, Norway mapie exhibited higher growth th an sugar mapie in 
2004 (U= 2068, P = 0.03). These differences were statistically different in neither 
2005 nor 2006 (respectiveiy, U = 2198, P = 0.103; U = 2696, P = 0.766). In contras t, 
Norway'mapie showed significantly iower growth than did sugar mapie in 2007 (U = 
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Figure 3.3 Mean sapling ring width (± SE) of Norway maple (n = 96). 
Significant differences among years, as indicated by Wilcoxon 
signed-rank tests, are labelled with different letters (global 
Friedman test: Q= 161.7, df= 4, P< 0.001) 
The results for sapling annual ring growth were consistent with those for 
extension growth in that there were significant declines in 2006 and in 2007 (Figure 
3.3; P < 0.001 for both years). The diminution in Norway mapie growth that we 
observed was greatly underestimated because of the very high proportion of dead 
saplings, which were not considered during the measurement of radiai growth. 
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Figure 3.4 Mean tree ring width (± SE) of Norway maple (n = 123) and sugar 
maple (n = 32) trees. Significant differences among years within 
each species, as indicated by Wilcoxon signed-rank tests, are 
labelled with different letters (global Friedman: sugar maple, Q = 
4.4, dE= 4, P= 0.356; Norway maple, Q= 175.7, dE= 4, P< 0.001) 
Radial stem growth of the trees showed a significant decline in 2006 and 2007 (P 
< 0.001 for both years) for Norway maple, whereas no significant change in growth 
occurred for sugar maple over the same five year period (Figure 3.4). Pre-epidemic 
growth of Norway maple was never lower than that of sugar maple (2003, U = 1277, 
P = 0.002; 2004, U = 1548.5, P = 0.064; 2005, U = 1500, P = 0.039), was not 
different in 2006 (U = 2184.5, P = 0.340), but was significantly lower after the 
epidemics in 2007 (U = 2684, P = 0;002). A.lthough radial growth of Norway maple 
markedly decreased, none of the trees exhibited visible signs of severe damage (i.e., a 
health status of category 2), even if most crowns appeared thinned compared to what 
was observed in pre-epidemic seasons. 
Discussion 
Norway maple survival has been shown to be superior to that of sugar maple in 
previous studies on seedlings (Sanford et al. 2003, Morrison and Mauck 2007). In 
contras t, we found that Norway maple sapling mortality rates were unexpectedly high, 
20 times higher than that of sugar maple (20.6% vs. 1.0%), whereas growth in those 
individuals that survived was dramatically reduced. For example, the yearly growth 
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that we measured in Norway maple and sugar maple saplings (15.66 ± 2.57 cm and 
9.07 ± 1.14 cm, respectively; averaged over 2004 and 2005) was similar. to that 
reported by Kloeppel and Abrams (1995; 19.26 ± 3.22 cm and 10.01 ± 1.69 cm, 
respectively). After the 2006 and 2007 epidemics, the growth of Norway maple 
saplings and trees had decreased by more than half of its pre-epidemic level, which 
was lower than that of sugar maple. Trees also suffered severe growth reductions 
from wruch the y could recover if future epidemics become less frequent or intense. 
Even if none of the trees that were sampled exrubited visible signs of severe dieback, 
reductions in growth could precede external symptoms of decline in N orway maple 
trees (Apple and Manion 1986). In fact, consecutive de foliations of trees can lower 
non-structural carbohydrate reserves, thereby decreasing the carbon allocated to roots 
that can no longer absorb nutrients as well, wruch could le ad to a decrease in growth 
and higher mortality rates (Rayamajru et aL 2008). Because the results were consistent 
across all Norway maple size classes (from 1-cm DBH saplings to large trees) and 
because the severe de cline in growth occurred abruptly at the onset of the ftrst tar 
spot epidemic, trus decline could not be attributed to normal senescence. The fact 
that sugar maples, wruch were sampled together with N orway maples from the same 
site, did not suffer any diminution in growth would suggest that no especially 
detrimental climatic conditions occurred at the same cime as the epidemics. 
We can hypothesise that Norway maple saplings were more severely affected than 
were trees because the y also faced the challenge of lower Iight levels in combination 
with de foliation caused by the epidemics. In addition, lower Iight levels in the 
understory also result in higher humidity wruch could also create more favourable 
conditions to R aœrinum than those found in the canopy. Because saplings constitute 
the next generation of trees, the detrimental impacts that the disease had on the 
former could greatly impact the invasiveness of Norway maple. It would be 
interesting to fllld out, in further studies, if the diminution of the growth of trees 
could result in a decrease in seed production. Furthermore, because samaras and 
seedlings also exhibited symptoms of the disease, the measurement of their 
germination, growth and survival would be very relevant to understanding the effects 
that the disease has on the rugh regeneration potential of Norway maple. Finally, 
there could be an indirect positive impact of the disease on the understory flora, 
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because the deleterious effects caused by the presence of Norway maple have been 
thought to be caused by the deep shade projected by its canopy (Wyckoff and \Y/ ebb 
1996, Bertin el al. 2005). Indeed, a Montana study has shown that the relative 
diminution of light levels in riparian forests drove the decreased survival of native 
species (Reinhart el al. 2006). Even if de foliation in the present study occurred rather 
late in the growing season, the trees still did not recover their dense foliage in 
following years, thereby allowing more light through (tvL Lapointe, personal 
observation). 
One interesting observation made during the epideoùcs of 2006 in Montreal was 
that naturalized and planted trees on Mont Royal and immediate surrounding areas 
had many more tar spots, wruch appeared earlier and caused more severe premature 
de foliation than planted trees on city streets. The most probable reason for trus 
discrepancy was that leaf litter, wruch is the source inoculum, was largely removed in 
the city, but left intact in the understory of Mount Royal forest. Similarly, in Europe, 
it has been shown that the incidence of the disease is lower in cities than in the 
surrounding countryside and that its distribution is best described by the distance to 
the nearest source of inoculum (Leith and Fowler 1987). lronically, the disease may 
thus have a much greater impact on the harmful individuals invading the forest than 
on the beneficial planted street trees. 
How do our results relate to the ERH in the case of trus particular enemy? 
\Y/hat we do know is that Norway maple has rugher growth and survival without the 
pathogen; hence, the present scenario represents a case of regulatory release (sensu 
Colautti el al. 2004), at least over the short time span of the study. Trus does not 
mean, however, that absence of the fungus is responsible, in part, for the invasion. Ir 
is also necessary to know wh ether tar spot disease linùts the distribution and 
abundance of Norway maple within its native range (Keane and Crawley 2002, \Y/olfe 
2002). In fact, stands of Norway maple are denser in North America than in Europe 
(Nowak and Rowntree 1990, Reinhart and Callaway 2004, Adams el Cil. 2009). If the 
disease is a causal factor in maintaining lower stand densities in Europe, it would 
represent another ex ample of the janzen-Connell effect in temperate forests, i.e., a 
natural enemy linùts host tree density, thereby creating more diverse stands (Janzen 
1970, Conne1l1971, Packer and Clay 2000). From the little information that we could 
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gather on the subjcct, the disease has not been seen as a source of concern for the 
health of N onvay maple in Europe (e.g., Phillips and Burdekin 1992). At any rate, the 
occasional dense stands of Norway maple in North America provide, in addition to 
denser host populations, larger sources of inoculum from fallen leaves, which could 
result in more intense epidemics. 
In conclusion, our findings have clearly demonstrated the important negative 
impacts that the tar spot disease couid have on Norway mapie fitness in a forest 
ecosystem, at least in the short-term. It was especially severe in younger trees, and 
therefore, could reduce the invasion potential of the species, especially when the 
relative performance of Norway maple was considered in comparison with sugar 
maple. Longer-term impacts on Norway maple invasion will obviously depend on the 
frequency and intensity of future tar spot episodes. 
Acknowledgements 
We greatly appreciate the cooperation of the City of Montreal, and especially Sylvie 
Comtois, in allowing us ta work in the city park. Malin Anagrius provided invaluable 
help in the field. Many thanks to Stéphane Daigle for his insightful statistical advice. 
We are grateful to Yves Bergeron and his lab for letting us use their facilities for tree 
ring analysis and for their help on the subject, especially Danielle Charron and Daniel 
Lesieur from the Centre for Forest Research. We greatly appreciate the text revision 
work done by William F. ]. Parsons, Madeleine Painchaud and Régine Lapointe. 
Lastly, we thank the members of]. Brisson's lab, especially Patrick Boivin. NSERC 
(Natural Sciences and Engineering Research Council of Canada) provided research (J. 
Brisson) and scholarship (M. Lapointe) funding. 
References 
Abad, Z.G. and ].A. Abad. 1995. Historical evidence on the occurrence of late blight 
of potato, tomato and pear melon in the Andes of South America. Pages 36-41 
in P~ytophthora injeJtal1J 150. Published for the European Association for Potato 
Research by Boole Press Ltd. In conjunction with Teagasc, Dublin, Ireland. 
Adams,].M., W. Fang, R.M. Callaway, D. Cipollini, E. Newcll, and TransatlanticAœr 
platanoides Invasion Network (TR.-\IN). 2009. A cross-continental test of the 
Chapitre 3 70 
Enemy Release Hypothesis: leaf herbivory on /lcer p/a/anoideJ (L.) is three times 
lower in North America th an in its native Europe. Biological Invasions 11: 1005-
1016. 
Apple, ].D. and P.D. Manion. 1986. Increment core analysis of declining Norway 
maples, ..(·1œr p/a/tllloideJ. Urban Ecology 9:309-321. 
Bertin, R.I., M.E. Manner, B.F. Larrow, T.W. Cantwell, and E.M. Berstene. 2005. 
Norway maple (Aar p/atanoidcJ] and other non-native trees in urban woodlands 
of central Massachusetts. Journal of the Torrey Botanical Society 132:225-235. 
Boivin, R. 1989. La végétation forestière du Mont-Royal (Montréal, Québec). 
Mémoire de maîtrise. Université de Montréal, Montréal, QC, Canada. 
Bouchard, A. and J. Brisson. 1996. Domaine de l'érablière à caryer cordiforme. Pages 
160-170 In Manuel de foresterie, Bérard,]. A. (coord.). Ordre des Ingénieurs 
forestiers du Québec. Les Presses de l'Université Laval, Québec, QC, Canada. 
Cannon, P.F. and D.W. Minter. 1984. RJ!YtiJma aminum. [Descriptions of Fungi and 
Bacteria). IMI Descriptions of Fungi and Bacteria. CAB International 
Wallingford UK: 1984.80 Sheet 791. 
Cincotta, c.L., ].M. Adams, and C. Holzapfel. 2009. Testing the enemy release 
hypothesis: a comparison of foliar insect herbivory of the exotic N orway maple 
(Aar p/atanoideJ L.) and the native sugar maple (A. JaCt:hamm L.). Biological 
Invasions 11:379-388. 
Colautti, R.I., A. Ricciardi, I.A. Grigorovich, and H.J. MacIsaac. 2004. Is invasion 
success explained by the enemy release hypothesis? Ecology Letters 7:721-733. 
Connell, ].H. 1971. On the role of natural enemies in preventing competitive 
exclusion in sorne marine animais and in rain forest trees. Pages 298-312 in P.]. 
Boer and G. R. Graadwell, editors. Dynamics of Numbers in Populations. 
PUDOC, Wageningen, The Netherlands. 
Fang, W. 2005. Spatial analysis of an invasion front of Aœr p/atanoidcJ: dynamic 
inferences from static data. Ecography 28:283-294. 
Galbraith-Kent, S.L. and S.N. Handel. 2008. Invasive /lœr p/a/anoideJ inhibits native 
sapling growth in forest understorey communities. Journal of Ecology 96:293-
302. 
Chapitre 3 71 
Grissino-Mayer, H.D. 2003. A manuai and tutoriai for the proper use of an increment 
borer. Tree-Ring Research 59:63-79. 
Hudler, G.W., M.T. Banik, and S.G. ~liller. 1987. Unusuai epidemic of tar spot on 
Norway maple in upstate New York. Plant Disease 71:65-68. 
Hudler, G.W., S. Jensen-Tracy, and M.T. Banik. 1998. RJJ}/iJma americantlm sp. nov.: A 
previously undescribed species of RJJ}/ùma on Maples (A .. erspp.). Mycotaxon 
68:405-416. 
Janzen, D.H. 1970. Herbivores and the number of tree species in tropical forests. 
American Naturalist 104:501-527. 
Jones, S.G. 1925. Life-history and cytology of RJJ}/iJwa a .. erin"m (pers.) Fries. Annais 
of Botany 39:41-75. 
Keane, R.M. and M.J. Crawley. 2002. Exotic plant invasions and the enemy release 
hypothesis. Trends in Ecology & Evolution 17:164-170. 
Kloeppel, BD. and l\t.D. Abrams. 1995. Ecophysiologicai attributes of the native 
A .. er Ja .... hamm and the exotic Aœr platanoideJ in urban oak forests in 
Pennsylvania, USA. Tree Physiology 15:739-746. 
Legendre, P. and L. Legendre. 1998. N umerical Ecology, Second English Edition. 
Elsevier, Amsterdam, The Netherlands. 
Leith, ID. and D. Fowler. 1987. Urban distribution of RJJ}tùma acerilltlm (pers.) Fries 
(tar spot) on sycamore. New Phytologist 108:175-181. 
Mack, R.N., D. Simberloff, W.M. Lonsdale, H. Evans, M. Clout, and F.A. Bazzaz. 
2000. Biotic invasions: Causes, epidemiology, global consequences, and control. 
Ecologicai Applications 10:689-710. 
Marks, P.L. and S. Gardescu. 1998. A case study of sugar maple (Aœr .ra .. chamm) as a 
forest seedling bank species. Journal of the T orrey Botanicai Society 125:287-
296. 
Martin, P.H. 1999. Norway maple (Acer platanoideJ) invasion of a naturai forest stand: 
unders tory consequence and regenera tion pattern. Biologicai Invasions 1:215-
222. 
Martin, P.H., CD. Canham, and P.L. Marks. 2008. Why forests appear resistant to 
exotic plant invasions: intentionai introductions, stand dynamics, and the role 
Chapitre 3 
of shade tolerance. Frontiers in Ecology and the Environment 6, 
doi:10.1890j070096. 
Martin, P.H. and P.L. Marks. 2006. Intact forests provide only weak resistance to a 
shade-tolerant invasive Norway maple (/lœr platanoideJ L.). Journal of Ecology 
94: 1070-1079. 
Meiners, S.J. 2005. Seed and seedling ecology of ./1t:er Jt/L'cbantm and .Aœr platanoideJ: a 
contrast between native and exotic congeners. Northeastern Naturalist 12:23-
32. 
72 
Midy, J., J. Brisson, and P. Boivin. 2007. Invasion du Parc du Mont-Royal par l'érable 
de Norvège: évaluation de la situation, causes, conséquences. Rapport 
d'activités fInal présenté à la Direction des sports, des parcs et des espaces verts, 
Ville de Montréal. Institut de recherche en biologie végétale, Montréal, QC, 
Canada . 
. Mitchell, C.E. and A.G. Power. 2003. Release of invasive plants from fungal and viral 
pathogens. Nature 421:625-627. 
Morrison, J.A. and K. i\1auck. 2007. Experimental fIeld comparison of native and 
non-native maple seedlings: natural enemies, ecophysiology, growth and 
survival. Journal of Ecology 95:1036-1049. 
Nowak, D.J. and R.A. Rowntree. 1990. History and range of Norway maple. Journal 
of Arboriculture 16:291-296. 
Packer, A. and K. Clay. 2000. Soil pathogens and spatial patterns of seedling mortality 
in a temperate tree. Nature 404:278-281. 
Phillips, D.H. and D.A. Burdekin. 1992. Diseases of sycamore and maple (Acer spp.). 
Diseases of forest and ornamental trees, Second edition. Macmillan Press, 
London and Basingstoke, LT.K. 
R Development Core Team. 2006. R: A Language and Environment for Statistical 
Computing, version 2.3.1. R Foundation for Statistical Computing, Vienna, 
Austria. 
Rayamajhi, M.B., P.D. Pratt, T.D. Center, P.W. Tipping, and T.K.Van. 2008. 
Aboveground biomass of an invasive tree melaleuca (Me/alet/ca qttinqttenemia) 
before and after herbivory by adventive and introduced natural enemies: A 
temporal case study in Florida. Weed Science 56:451-456. 
Chapitre 3 
Reichard, S.H. and CW. Hamilton. 1997. Predicting invasions of woody plants 
introduced into North America. Conservation Biology 11:193-203. 
Reinhart, KO. and R.M. Callaway. 2004. Soil biota facilitate exotic /Iœrinvasions in 
Europe and North America. Ecological.Applications 14:1737-1745. 
73 
Reinhart, K.O., E. Greene, and R.M. Callaway. 2005. Effects of /Iœr p/a/anoideJ 
invasion on understory plant communities and tree regeneration in the northern 
Rocky Mountains. Ecography 28:573-582. 
Reinhart, K.O.,]. Gurnee, R. Tirado, and R.M. Callaway. 2006. Invasion through 
quantitative effects: Intense shade drives native decIine and invasive success. 
Ecological Applications 16: 1821-1831. 
Sanford, N.L., R.A. Harrington, and J.H. Fownes. 2003. Survival and growth of 
native and alien woody seedIings in open and understory environments. Forest 
Ecology & Management 183:377-385. 
Siemann, E. and W.E. Rogers. 2003. Herbivory, disease, recnùtment limitation, and 
success of alien and native tree species. Ecology 84: 1489-1 SOS. 
Tewksbury, L., R. Casagrande, B. Blossey, P. Hafliger, and M. Schwarzlander. 2002. 
Potential for biological control of Phragmi/eJ aUJtraliJ in North America. 
Biological Control 23:191-212. 
Thiffault, C 2003. État de situation sur les bois de l'arrondissement historique et 
naturel du mont Royal. Direction régionale de Montréal, Ministère de 
l'Environnement du Québec, Montréal, QC, Canada. 
Torchin, M.E. and CE. Mitchell. 2004. Parasites, pathogens, and invasions by plants 
and animaIs. Frontiers in Ecology and the Environment 2: 183-190. 
Vitousek, P.M., CM. D'Antonio, L.L. Loope, and R. Westbrooks. 1996. Biological 
invasions as global environmental change . .American Scientist 84:468-478. 
Waterman, A.M. 1941. Diseases of shade and ornamental trees: Annotated list of 
specimens received in 1940 at the New Haven office, Division of Forest 
Pathology. Plant Disease Reporter 25:181-182. 
Webb, S.L. and CK. Kaunzinger. 1993. Biological invasion of the Drew University 
(New Jersey) forest preserve by Norway maple (Acer pla/anoides L.). Bulletin of 
the Torrey Botanical Club 120:343-349. 
Chapitre 3 
Webb, S.L., T.H. Pendergast, and M.E. Dwyer. 2001. Response of native and exotic 
mapie seedling banks to removal of the exotic, invasive Norway mapie (.dœr 
p/a/anoideJJ. Journal of the Torrey Botanical Society 128: 141-149. 
Weber, R.W. and J. Webster. 2002. Teaching techniques for mycology: 18. ~y/iJma 
acen'l1l1m, cause of tar-spot disease of sycamore leaves. Mycologist 16:120-123. 
74 
Webster, C.R., K. Nelson, and S.R. Wangen. 2005. Stand dynamics of an insular 
population of an invasive tree, Acer p/a/anoideJ. Forest Ecology & Management 
208:85-99. 
Wolfe, L.M. 2002. Why alien invaders succeed: Support for the escape-from-enemy 
hypothesis. American Naturalist 160:705-711. 
Wyckoff, P.H. and S.L. Webb. 1996. Understory influence of the invasive Norway 
maple (Acer p/atanoideJJ. Bulletin of the Torrey Botanical Club 123: 197 -205. 
Zar, J.H. 1999. Biostatistical analysis, Fourth edition. Prentice-Hall, Upper Saddle 
River, NJ, U.S.A. 
CHAPITRE 4 Discussion générale des résultats et conclusion 
Chapitre 4 76 
Les espèces exotiques envahissantes qui sont tolérantes à l'ombre peuvent avoir des 
impacts délétères ptofonds et de longue durée sur des communautés forestières 
jusqu'alors peu perturbées. Par exemple, l'érable de Norvège s'est avéré être un 
envahisseur redoutable dans les forêts feuillues, principalement de l'est de l'Amérique 
du Nord. En particulier, il a la capacité de dominer la strate de régénération et donc 
pourrait déplacer l'érable à sucre dans la canopée. Afin de mieux comprendre ce 
phénomène, la présente étude a comparé la croissance et la survie des deux 
congénères au mont Royal sous deux aspects: d'une part, au niveau de la régénération 
des deux espèces ainsi que des facteurs écologiques pouvant l'influencer, en 
transplantant en sous-bois des semis de première année; d'autre part, en évaluant 
l'impact qu'ont eu les épidémies de tache goudronneuse de 2006 et 2007 sur la 
croissance de l'érable de Norvège par rapport à celle de l'érable à sucre, non affecté 
par la maladie. Ce mémoire offre une contribution à la compréhension de la 
dynamique comparée des espèces, de manière à anticiper la place future de l'érable de 
Norvège dans la du mont Royal. 
La croissance et la survie des semis d'érable à sucre et d'érable de Norvège 
transplantés au mont Royal 
Le premier objectif visait, dans un premier temps, à comparer, au cours d'une saison 
de croissance, les deux érables au stade de semis en sous-bois quant à leur croissance, 
leur survie et leur répartition en biomasse. Les principaux résultats des analyses du 
chapitre 2 indiquent que, bien que les deux espèces ne différaient pas en hauteur l'une 
de l'autre, la ctoissance en biomasse et le taux net d'assimilation de l'érable de 
Norvège correspondaient pratiquement au double de ceux de l'érable à sucre. Il est 
possible que ces différences soient dues au feuillage de l'érable de Norvège qui 
présentait une biomasse et une surface par semis de plus d'une fois et demie 
supérieures à celui de l'érable à sucre. En fait, aussi bien les feuilles que la tige et les 
racines de l'érable de NOlvège présentaient une biomasse moyenne supérieure à celle 
de l'érable à sucre bien que la répartition de la biomasse ait été similaire avant 
transplantations et à la fin de l'expérience. Donc, le système racinaire plus massif de 
l'érable de Norvège lui a permis de maintenir un tel feuillage et d'acquérir de manière 
efficace l'eau et les minéraux comme semblent l'indiquer les taux de croissance et 
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d'assimilation réalisés. Enfin, au cours de la première saison de croissance, les taux de 
suryie des deux espèces ont été de 94°/0 • Durant l'hiYcr cependant, l'érable à sucre a 
perdu 5% des effectifs restants alors que l'érable de Norvège n'a subi aucune perte .• -\ 
plus long terme, si la croissance supérieure en biomasse de l'érable de Norvège est 
maintenue, il pourrait en découler un taux de survie supérieur. 
L'influence de l'herbivorie, de la lumière, du pH et de l'humidité du sol, et de 
l'espèce de la canopée sur la croissance des semis 
Le premier objectif visait, dans un deuxième temps, à déterminer le rôle des facteurs 
écologiques étudiés sur les paramètres de croissance des deux espèces. Les analyses 
canoniques ont montré que les facteurs écologiques mesurés n'ont joué qu'un rôle 
secondaire pour expliquer les yariations de ces descripteurs (23% pour l'érable de 
Norvège et 24% pour l'érable à sucre), les plus importants étant l'herbivorie foliaire 
ainsi que la lumière en sous-bois. L'herbivorie limitait davantage à l'érable à sucre, 
cxpliquant 16% de la variance en croissance alors que ce facteur n'était pas significatif 
pour l'érable de Norvège, et ce malgré des proportions affectées par feuille ne 
différant pas entre les espèces. Dans le cas des deux espèces, on observait une 
augmentation non-significative de l'herbivorie sous les canopées d'espèces indigènes 
par rapport à celles de l'érable de Norvège. En ce qui a trait à la lumière, elle était plus 
importante pour l'érable de Norvège (18% de la variance expliquée) que pour l'érable 
à sucre (7% de la variance expliquée). Les taux de lumière plus élevés étaient par 
ailleurs associés à des canopées d'érable de Norvège, alors que le contraire était 
attendu. Les conditions de pH et d'humidité du sol étaient elles aussi peu importantes 
pour expliquer la croissance des semis, peut-être parce qu'elles ne présentaient pas de 
gradients prononcés. La canopée d'érable de Norvège était associée toutefois à un pH 
du sol plus élevé que celui associé à l'ensemble des espèces indigènes. Ainsi, la 
présence de l'érable de Norvège dans la ca nopée avait tendance à favoriser la 
croissance des deux espèces par rapport aux espèces indigènes, bien que cette variable 
ait peu d'influence dans les analyses de l'une et l'autre des espèces. Il faut cependant 
considérer que les 30 arbres de la canopée évalués représentent un échantillon assez 
restreint pour déterminer l'influence de l'espèce de la canopée. 
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L'impact des épidémies de tache goudronneuse sur la croissance des gaules et 
des arbres d'érable de Norvège 
Le deuxième objectif, présenté au chapitre 3, concernait l'impact des épidémies de 
tache goudronneuse de 2006 et de 2007, causées par l'ascomycète RJ!ylùma amùmm, 
sur la croissance de l'érable de Norvège au stade de gaules et d'arbres par rapport à 
celle de l'érable à sucre. En observant la croissance annuelle en longueur et en 
diamètre, à partir de 2003 ou de 2004 et jusqu'en 2007, on constate que la tache 
goudronneuse a. eu un effet négatif important sur les gaules et les arbres. En effet, la 
croissance radiale des arbres et celle en longueur des gaules d'érable de Norvège, qui 
auparavant étaient supérieures à celles de l'érable à sucre, sont tombées sous les 
valeurs de croissance de l'érable à sucre. Durant cette période, la croissance de l'érable 
à sucre était restée stable ou avait augmenté légèrement, alors que celle de l'érable de 
Norvège subissait une baisse marquée déjà en 2006 et de nouveau en 2007. D'autant 
plus que la mortalité des gaules d'érable de Norvège, qui paraît anormalement élevée 
entre 2006 et 2007, n'était pas comptabilisée dans les données de croissance. En effet, 
en 2007 la mortalité chez les gaules d'érable de Norvège était de 20 fois supérieure à 
celle de l'érable à suCre. En somme, étant donné que la baisse de croissance 
prononcée a débuté seulement en 2006, soit l'année de la première épidémie, et que 
l'érable à sucre installé dans le même environnement n'a pas connu un tel sort, on 
peut conclure que la baisse de croissance apparaît liée à la maladie et non à d'autres 
conditions de croissance défavorables. 
Synthèse des deux études 
Au stade de semis de première année, l'érable de Norvège supplantait l'érable à sucre 
en termes de taille et de croissance, sauf pour un trait pourtant essentiel, c'est-à-dire la 
croissance en hauteur. En effet, pour que l'érable de Norvège déplace l'érable à sucre 
dans la canopée, il doit y arriver avant ce dernier et en plus grand nombre. Il est à 
noter que les taux moyens de lumière en sous-bois se situaient sous les ~ %. Or, les 
semis d'érable de Norvège, en montrant une plus grande surface foliaire ainsi qu'une 
plus grande réponse en croissance à la lumière, pourraient être capables de bénéficier 
davantage, en termes de croissance, de l'ouverture de la canopée par rapport à l'érable 
à sucre. L'étude sur la tache goudronneuse a montré que, sans la maladie, les gaules 
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d'érable de Norvège, des individus ayant donc pu bénéficier de conditions lumineuses 
favorables, avaient effectivement une croissance en hauteur supérieure à celle de 
l'érable à sucre. Cependant, les effets délétères causés par la tache goudronneuse à 
l'érable de Norvège ont mis un terme à cet avantage. 
Quelques pistes de recherches futures 
En ce qui a trait à l'expérience de transplantations de senus, quelques questions 
restent en suspens au sujet des facteurs écologiques. Tout d'abord, il faut être prudent 
en interprétant la faible importance des variables écologiques pour la croissance des 
semis au chapitre 2 mesurées dans un environnement relativement uniforme de 
conditions ombragées et mésiques; la valeur explicative de ces variables serait-elle 
accrue en considérant une plus grande variété de conditions lumineuses et édaphiques 
? Ensuite, la question des ennemis naturels mérite plus d'attention pour comprendre 
le succès de l'érable de Norvège par rapport à l'érable à sucre; par exemple, les 
pathogènes aussi bien au-dessus qu'au-dessous du sol influencent-ils différemment la 
croissance de l'une et l'autre des espèces? Par ailleurs, la ca nopée d'érable de Norvège 
laissait passer plus de lumière que celle des espèces indigènes durant l'été 2007. Par 
rapport à certaines hypothèses émises dans la littérature, cette découverte était assez 
inattendue. S'agissait-il d'une condition transitoire suite aux dommages causés par 
l'épidémie de tache goudronneuse de 2006 ? Est-ce qu'évaluer la composition en 
espèces de la canopée (par exemple, en créant une mesure de la proportion de la 
canopée occupée par des espèces exotiques par rapport aux espèces indigènes) autour 
d'un point d'échantillonnage plutôt que seulement l'espèce de l'arbre central pourrait 
augmenter la valeur explicative de la variable Canopée ? Finalement, outre la 
végétation de la canopée, quel rôle joue la végétation de sous-bois dans la 
régénération des deux espèces? 
Quant aux effets de la tache goudronneuse, il reste à suivre la situation à plus long 
terme. Est-ce que d'autres épisodes d'intensité comparable à celle observée en 2006 
vont se reproduire? Est-ce que les diminutions importantes de croissance vont mener 
à une mortalité accrue des arbres ou est-ce que les dommages ne sont que 
temporaires ? Est-ce que l'impact de la maladie sur les arbres pourrait aussi se 
répercuter sur la production de samares, leur germination ou la survie des nouveaux 
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semis ? En somme, bien que la dynamique comparée des deux congénères semble 
favoriser l'exotique et ce, à tous les stades de croissance, l'apparition de la tache 
goudronneuse pourrait freiner l'envahissement qui autrement menace l'intégrité des 
érablières sucrières urbaines et péri-urbaines du sud du Québec. 
ANNEXEI Présentation des données brutes du chapitre 2 
Annexe I-A Variables descriptives des semis d'érable de Norvège et 
d'érable à sucre 
XlV 
Printemps 2007 Automne 2007 
Espèce Semis Diamètre Hauteur Nb feuilles Biomasse initiale calculée" (9) Survie Tache (mm) (cm) 
Racines Tige Feuilles goudronneuse 
N 1 3.56 12.9 8 0.391 0.328 0.785 V 
N 2 3.19 16.8 14 0.324 0.320 0.879 V 
N 3 3.71 13.5 13 V 
N 4 3.41 20.1 16 V 
N 5 3.64 16.4 14 0.472 0.424 1.011 V 
N 6 3.77 12.1 10 0.493 0.391 0.878 V 
N 7 3.22 19.0 12 V 
N 8 4.10 17.9 10 V 
N 9 3.38 15.1 12 V 
N 10 3.72 28.1 19 V 
N 11 3.92 24.4 16 0.524 0.558 1.301 V 
N 12 4.18 14.2 8 0.580 0.483 1.003 V 
N 13 3.82 23.5 17 V TG 
N 14 3.37 24.1 14 V TG 
N 15 3.36 28.2 14 0.284 0.432 1.160 V 
N 16 3.24 13.0 9 0.301 0.263 0.710 V 
N 17 3.69 26.5 15 0.419 0.508 1.250 V TG 
N 18 4.10 12.2 8 0.571 0.451 0.938 V 
N 19 3.37 11.9 14 V 
N 20 4.24 12.1 10 V 
N 21 3.81 11.7 11 0.524 0.407 0.904 V 
N 22 3.45 13.0 10 0.383 0.321 0.797 V 
N 23 3.36 13.4 8 V 
N 24 3.14 25.9 14 V TG 
N 25 4.03 24.1 16 V 
N 26 3.21 14.7 8 V 
N 27 4.07 25.9 18 M 
N 28 4.40 15.7 10 0.666 0.562 1.145 V 
N 29 3.71 30.5 20 V 
xv 
1 
Printemps 2007 Automne 2007 
Espèce Semis Diamètre Hauteur Nb feuilles Biomasse initiale calculée' (9) Survie Tache (mm) (cm) 
Racines Ti e Feuilles oudronneuse 
N 30 4.25 15.0 8 V 
N 31 2.76 16.7 8 0.102 0.164 0.614 V 
N 32 3.16 21.0 18 0.336 0.376 1.041 V 
N 33 3.79 23.0 18 0.522 0.537 1.276 V 
N 34 4.30 17.4 10 0.620 0.549 1.148 V 
N 35 4.31 15.0 8 V 
N 36 3.44 13.8 10 V 
N 37 3.19 24.0 17 0.307 0.392 1.089 V 
N 38 3.20 21.1 14 0.292 0.349 0.968 V 
N 39 2.97 16.5 11 V 
N 40 3.03 13.4 12 V 
N 41 3.54 17.3 22 V 
N 42 3.57 14.3 10 V 
N 43 2.75 18.8 14 0.166 0.229 0.783 V 
N 44 2.80 14.9 12 0.186 0.198 0.677 V TG 
N 45 3.83 12.8 18 V TG 
N 46 4.10 14.4 16 V 
N 47 3.44 16.7 12 0.377 0.360 0.911 V 
N 48 3.46 17.1 12 0.380 0.367 0.925 V 
N 49 4.46 19.0 16 0.743 0.651 1.360 V 
N 50 4.08 14.6 12 0.601 0.498 1.067 V 
N 51 3.15 21.5 16 V 
N 52 3.65 27.2 19 V TG 
N 53 3.56 14.5 11 0.420 0.366 0.882 V 
N 54 3.08 14.6 8 0.222 0.226 0.671 V 
N 55 3.97 17.5 12 V 
N 56 3.54 22.4 14 V TG 
N 57 4.08 24.0 12 V TG 
N 58 3.34 15.8 18 V TG 
XVl 
Printemps 2007 Automne 2007 
Espèce Semis Diamètre Hauteur Nb feuil/es Biomasse initiale calculée" (g) Survie Tache (mm) (cm) Racines Tige Feuilles .Jt0udronneuse 
N 59 3.74 19.7 12 0.449 0.450 1.064 V TG 
N 60 3.52 12.2 11 M 
N 61 3.85 19.9 24 M 
N 62 2.84 14.0 12 M 
N 63 3.72 14.2 19 M 
N 64 3.79 27.8 18 M 
N 65 3.72 26.0 16 0.447 0.521 1.271 V TG 
N 66 4.56 14.5 8 0.700 0.574 1.127 V 
N 67 2.90 22.3 13 V TG 
N 68 2.83 13.5 8 V 
N 69 3.72 25.1 18 0.482 0.533 1.296 V TG 
N 70 3.71 30.3 26 0.549 0.636 1.571 V 
N 71 2.89 11.9 8 V 
N 72 4.19 18.4 14 V 
N 73 3.34 14.6 8 V 
N 74 3.88 23.1 16 V 
N 75 3.75 14.4 10 0.488 0.401 0.917 V 
N 76 4.09 19.9 14 0.588 0.552 1.220 V 
N 77 3.48 14.5 13 V TG 
N 78 3.91 22.3 18 V 
N 79 3.75 24.6 14 0.440 0.501 1.208 V TG 
N 80 3.44 20.2 16 0.405 0.418 1.068 V TG 
N 81 3.46 19.8 14 M 
N 82 3.50 27.2 16 0.366 0.477 1.227 V TG 
N 83 3.97 23.4 16 V TG 
N 84 3.28 12.0 8 V 
N 85 4.21 28.8 18 0.610 0.672 1.522 V 
N 86 3.36 13.1 8 0.325 0.282 0.727 V 
N 87 4.29 16.0 8 V 
xvu 
Printemps 2007 Automne 2007 
Espèce Semis Diamètre Hauteur Nb feuilles Biomasse Initiale calculée" (9) Survie Tache 1 (mm) (cm) 
Racines Ti e Feuilles oudronneuse 
N 88 3.73 18.4 10 V 
N 89 3.63 22.5 18 V TG 
N 90 3.41 13.5 10 V 
N 91 3.57 13.7 8 0.387 0.336 0.804 V 
N 92 3.35 13.3 8 0.320 0.281 0.728 V 
N 93 3.91 28.8 20 V 
N 94 3.32 23.1 18 V 
N 95 3.80 20.7 16 0.516 0.507 1.190 V 
N 96 3.46 25.3 19 0.411 0.482 -1.242 V TG 
N 97 3.60 21.8 14 0.415 0.448 1.106 V 
N 98 3.82 29.9 18 0.475 0.587 1.423 V TG 
N 99 3.52 28.5 20 V 
N 100 3.06 14.0 8 V 
N 101 3.35 30.5 16 0.290 0.462 1.246 V 
N 102 3.24 26.5 16 0.288 0.411 1.132 V 
N 103 4.36 21.8 16 V TG 
N 104 3.52 14.8 10 V 
N 105 3.42 22.4 18 V TG 
N 106 3.05 12.7 8 V 
N 107 3.91 17.2 16 0.581 0.510 1.154 V 
N 108 4.13 24.5 16 0.591 0.608 1.368 V 
N 109 3.44 13.8 12 V 
N 110 4.13 29.7 17 V TG 
N 111 3.69 13.1 9 0.445 0.369 0.851 V 
N 112 3.48 22.4 14 0.371 0.424 1.081 V 
N 113 3.11 17.6 16 0.320 0.324 0.914 V 
N 114 3.59 26.7 19 0.441 0.522 1.310 V TG 
N 115 4.10 26.0 16 V TG 
N 116 2.87 18.2 14 V TG 
X\'lU 
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Espèce Semis Diamètre Hauteur Nb feuilles Biomasse Initiale calculée" (g) Survie Tache (mm) (cm) Racines T!!)e Feuilles 
-.9.oudronneuse 
N 117 4.11 13.5 16 0.676 0.534 1.142 V 
N 118 3.48 18.7 16 0.430 0.418 1.051 V TG 
N 119 3.19 17.5 13 V TG 
N 120 3.13 26.9 16 V TG 
S 1 4.09 24 12 0.400 0.485 1.143 V 
S 2 2.87 23.1 10 0.207 0.341 0.902 V 
S 3 2.95 21.4 14 V 
S 4 3.93 23.9 18 V 
S 5 3.47 24.1 12 0.292 0.406 1.014 V 
S 6 3.22 30.1 12 0.280 0.476 1.122 V 
S 7 2.59 19.9 10 V 
S 8 2.8 21.3 10 V 
S 9 2.88 20 10 V 
S 10 2.52 12.6 8 V 
S 11 2.48 10.8 10 0.014 0.080 0.489 V 
S 12 3.78 22.7 12 0.339 0.423 1.042 V 
S 13 3.7 27.5 10 V 
S 14 4.21 26.8 10 V 
S 15 3.56 27.6 14 0.301 0.448 1.086 V 
S 16 3.76 28.8 14 0.342 0.495 1.160 V 
S 17 3.41 18.1 10 0.276 0.326 0.882 V 
S 18 3.47 28.4 14 0.289 0.450 1.088 V 
S 19 3.29 12 8 V 
S 20 4.06 19.5 10 V 
S 21 3.38 26 12 0.286 0.427 1.046 V 
S 22 3.69 16.4 11 0.303 0.318 0.875 V 
S 23 2.77 18.7 10 V 
S 24 2.86 11.8 10 V 
S 25 3.01 15.2 10 V 
XL'\. 
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Espèce Semis Diamètre Hauteur Nb feuilles Biomasse initiale calculée" (9) Survie Tache (mm) (cm) Racines Ti e Feuilles oudronneuse 
S 26 2.84 18.8 12 V 
S 27 3.1 28.8 14 0.227 0.409 1.020 V 
S 28 3.65 27.8 14 0.318 0.464 1.110 V 
S 29 3.83 19.9 18 V 
S 30 3.37 24.9 10 V 
S 31 3.04 14.8 12 0.168 0.192 0.674 V 
S 32 3.84 22.7 11 0.362 0.445 1.076 V 
S 33 3.87 20.6 12 0.344 0.399 1.005 V 
S 34 3.67 21.9 12 0.316 0.395 0.998 V 
S 35 2.99 14 10 V 
S 36 3.75 23.5 18 V 
S 37 3.63 • 15 9 0.311 0.316 0.866 V 
S 38 3.8 16.3 10 0.334 0.345 0.916 V 
S 39 2.89 21.1 13 V 
S 40 3.74 13.9 10 V 
S 41 3.55 20.3 10 V 
S 42 4.04 21.3 10 V 
S 43 3.28 10.7 10 0.214 0.182 0.656 V 
S 44 3.42 21.7 10 V 
S 45 3.56 29.5 16 V 
S 46 3.37 25.8 12 0.284 0.422 1.038 V 
S 47 3.44 20.5 10 0.294 0.370 0.953 V 
S 48 3.91 21.5 10 0.381 0.449 1.079 V 
S 49 3.5 19.5 12 0.273 0.332 0.897 V 
S 50 2.89 17 12 V 
S 51 3.42 23.5 12 V 
S 52 3.16 20.9 12 0.221 0.311 0.863 V 
S 53 3.47 19 10 0.291 0.349 0.919 V 
S 54 3.68 16.4 14 V 
xx 
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Espèce Semis Diamètre Hauteur Nb feuilles Biomasse initiale calculée" (9) Survie Tache (mm) (cm) 
Racines Tige Feuilles goudronneuse 
S 55 3.2 10.4 8 V 
S 56 3.51 23.6 12 V 
S 57 2.78 16.8 12 M 
S 58 3.83 28 16 M 
S 59 3.71 17,8 15 0,262 0.286 0,834 V 
S 60 3.41 17,8 10 V 
S 61 4.02 25.2 12 M 
S 62 3,25 11 9 M 
S 63 3,61 28.9 12 M 
S 64 3.83 12.4 8 0.345 0,312 0.860 V 
S 65 3,55 13,3 12 0.249 0.232 0,742 V 
S 66 3,08 22.9 12 V 
S 67 3.38 21.4 12 V 
S 68 4.42 23.4 12 0.455 0.518 1.197 V 
S 69 3.1 18.4 14 V 
S 70 3,23 18 la V 
S 71 3.89 18.1 14 M 
S 72 2.4 12 6 V 
S 73 3 16,6 12 0.170 0.217 0.714 V 
S 74 3.8 11.2 la 0.307 0.258 0.780 V 
S 75 2.88 14 10 V 
S 76 3.2 9.6 10 V 
S 77 3.83 24.9 11 0.372 0.482 1.132 V 
S 78 3.22 18.5 12 M 
S 79 2.59 11.8 la 0.099 0.111 0.540 V 
S 80 3.51 20 18 V 
S 81 2.84 25.3 14 0.163 0.316 0.871 V 
S 82 2.89 26.7 12 V 
S 83 4.06 21.8 12 V 
xX! 
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Espèce Semis Diamètre Hauteur Nb feuilles Biomasse initiale calculée' (9) Survie Tache (mm) (cm) Racines Ti e Feuilles oudronneuse 
S 84 3.68 11 6 V 
S 85 2.41 17.3 12 V 
S 86 3.58 17.7 10 0.303 0.341 0.907 V 
S 87 3.61 28.5 15 0.301 0.456 1.100 V 
S 88 2.71 18.5 10 V 
S 89 2.6 18.3 12 V 
S 90 2.75 12 10 0.128 0.136 0.579 V 
S 91 3.39 16.8 10 0.265 0.301 0.843 V 
S 92 2.97 17.3 10 0.194 0.255 0.767 V 
S 93 2.88 16.1 12 0.147 0.193 0.675 V 
S 94 2.98 17.8 10 V 
S 95 3.98 21.1 10 V 
S 96 3.85 24 12 0.358 0.454 1.092 V 
S 97 4.2 25.6 12 0.428 0.527 1.209 V 
S 98 3.46 19.7 10 V 
S 99 4.16 13.9 10 V 
S 100 3.58 15.7 10 V 
S 101 3.35 17 10 V 
S 102 3.11 20 12 0.208 0.290 0.828 V 
S 103 4.11 14 10 0.376 0.346 0.921 V 
S 104 3.5 22 13 V 
S 105 3.86 22.4 10 V 
S 106 3.19 17.6 10 0.234 0.288 0.822 V 
S 107 3.69 26.7 12 0.344 0.479 1.130 V 
S 108 3.75 24.4 16 0.292 0.389 0.999 V 
S 109 3.51 20.9 12 0.282 0.357 0.937 V 
S 110 3.09 27.7 14 V 
S 111 3.13 19.2 12 V 
S 112 3.45 19.5 10 0.290 0.355 0.928 V 
Printemps 2007 
Espèce Semis Diamètre Hauteur Nb feuilles Biomasse initiale calculée' (g) (mm) (cm) Racines Tige Feuilles 
S 113 3.47 16.7 10 0.279 0.309 0.857 
S 114 3.13 15.5 10 
S 115 3.32 29 12 
S 116 3.8 24.4 14 0.326 0.425 1.051 
S 117 3.58 21.2 12 
S 118 3.25 16 10 0.236 0.269 0.792 
S 119 3.46 26.5 17 0.239 0.372 0.973 
S 120 3.53 21.4 10 0.314 0.398 0.996 
N = Érable de Norvège 
S = Érable à sucre 
'Éguations allométrigues ayant servi à calculer les biomasses initiales: 
Érable de Norvège: 
-Biomasse des racines = 322. 18(diamètre) - 8.29(hauteur) + 14.13(nombre de feuilles) - 761.99 
-Biomasse de la tige = 235.824(diamètre) + 6.289(hauteur) + 9.072(nombre de feuilles) - 664.962 
-Biomasse des feuilles = 309.4(diamètre) + 19.98(hauteur) + 21. 79(nombre de feuilles) - 748.38 
Érable à sucre: 
-Biomasse des racines = 175.007(diamètre) + 5.283(hauteur) - 12.805(nombre de feuilles) - 288.768 
-Biomasse de la tige = 129.93(diamètre) + 17.09(hauteur) - 14.74(nombre de feuilles) - 279.43 











V = Vivant 





Automne 2007 Printemps 2008 
Espèce Semis Diamètre Hauteur Nb'euilles Biomasse (g) Surface foliaire Survie (mm) (cm) 
Racines Tige Feuilles (cm
2) 
N 1 5.48 14.5 8 1.49 0.733 1.231 321 
N 2 4.34 24.7 15 0.531 0.n9 1.061 308 
N 3 4.99 17.4 13 V 
N 4 5.03 24.3 13 V 
N 5 5.34 19.2 10 0.867 1.051 0.945 227 
N 6 7 28.7 16 1.986 1.443 1.798 471 
N 7 5.87 20.8 10 V 
N 8 4.68 18.4 12 V 
N 9 3.8 28.8 14 V 
N 10 6.01 29.4 15 V 
N 11 5.23 28.9 15 0.907 1.262 1.293 323 
N 12 5.n 15.3 8 1.597 0.938 1.266 323 
N 13 5.06 25.9 13 V 
N 14 4.37 26.6 14 V 
N 15 4.05 27.8 13 0.564 0.834 1.079 312 
N 16 3.86 13.8 9 0.388 0.509 0.706 215 
N 17 4.48 27.8 12 0.851 1.051 1.391 371 
N 18 4.95 15.5 7 0.837 0.75 1.027 251 
N 19 4.65 12.7 14 V 
N 20 4.3 12.3 8 V 
N 21 4.22 16.6 12 0.685 0.56 1.009 305 
N 22 4.67 14 7 0.749 0.737 0.827 215 
N 23 5.05 15.1 8 V 
N 24 5.17 28.7 15 V 
N 25 6.25 29.3 15 V 
N 26 4.22 17.5 8 V 
N 27 3.71 29.7 a M 
N 28 4.96 17 9 0.999 0.953 1.085 271 
N 29 4.97 34 16 V 
XX.1\" 
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Espèce Semis Diamètre Hauteur Nb feuilles Biomasse (9) Surface foliaire Survie (mm) (cm) Racines TI e Feuilles (cm
2) 
N 30 4.59 17.5 8 V 
N 31 3.52 14.3 8 0.513 0.328 0.589 175 
N 32 5.07 26.5 12 0.865 0.921 1.097 288 
N 33 5.11 28.8 14 1.126 1.338 1.719 437 
N 34 5.32 35 13 0.885 1.419 1.533 401 
N 35 5.38 17.7 8 V 
N 36 4.15 16.8 6 
.V 
N 37 4.07 29.5 13 0.603 0.862 1.259 355 
N 38 4.14 23 12 0.388 0.725 1.006 275 
N 39 4.2 17.2 9 V 
N 40 4.54 14.8 10 V 
N 41 4.95 24.7 22 V 
N 42 5.26 15.2 10 V 
N 43 3.62 20.1 11 0.387 0.498 0.722 199 
N 44 4.3 16.1 12 0.669 0.639 0.976 276 
N 45 4.83 24.2 16 V 
N 46 5.65 17.2 15 V 
N 47 5.78 18.8 11 1.943 1.141 1.411 348 
N 48 5 24.3 13 1.179 1.101 1.457 339 
N 49 6.09 27.3 16 1.339 1.686 2.165 538 
N 50 5.89 16.2 12 1.152 1.016 1.085 266 
N 51 5.32 25.3 16 V 
N 52 5.44 28.3 17 V 
N 53 5.25 15.9 8 1.214 0.732 1.07 255 
N 54 4.05 15.1 8 0.572 0.359 0.64 175 
N 55 4.78 19 7 V 
N 56 5.02 24 11 . V 
N 57 5.81 25.4 9 V 
N 58 5.2 16.6 8 V 
xxv 
Automne 2007 Printemps 2008 
Espèce Semis Diamètre Hauteur Nb feuilles Biomasse (9) Surface foliaire Survie (mm) (cm) Racines TI e Feuilles (cm
2) 
N 59 6.1 21.7 11 1.677 1.155 1.497 383 
N 60 3.75 12.2 0 M 
N 61 3.61 28,2 0 M 
N 62 2.93 14.4 0 M 
N 63 4.07 14.3 0 M 
N 64 4.44 28.2 0 M 
N 65 5.4 27.2 12 0.938 1.283 1,245 331 
N 66 5.31 14.7 6 1.104 0.832 0.877 221 
N 67 4.9 24,3 10 V 
N 68 4.14 14.1 7 V 
N 69 5.04 26.5 14 1.147 0.951 1.505 404 
N 70 5.03 32.1 7 0.991 1.226 1.907 445 
N 71 3.77 12.2 6 V 
N 72 5.8 18.6 13 V 
N 73 4.68 15,5 8 V 
N 74 5 24.6 14 V 
N 75 3.91 17.3 9 0.457 0.719 0.759 231 
N 76 4.32 21 14 0.557 0.687 1.079 282 
N 77 4.76 19.1 15 V 
N 78 6 30.2 21 V 
N 79 5.37 27.6 10 1,255 1.096 1.219 301 
N 80 5.04 21.5 9 0.822 0.88 0.894 246 
N 81 3.6 21.2 0 M 
N 82 5.19 29.6 15 1.264 1.218 1.234 281 
N 83 5.4 25.4 11 V 
N 84 5.48 14.5 8 V 
N 85 6.14 35.6 16 1.512 1.699 2.465 603 
N 86 5.4 14.5 7 0.985 0.617 0.545 130 
N 87 6.07 18.9 7 V 
XXVl 
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Espèce Semis Diamètre Hauteur Nb feuilles Biomasse (g) Surface foliaire Survie (mm) (cm) Racines ne Feuilles (cm
2) 
N 88 6 22.6 12 V 
N 89 4.68 27 18 V 
N 90 4.79 14 8 V 
N 91 4.52 15 8 0.633 0.63 0.72 158 
N 92 4.75 14.1 8 0.927 0.552 0.709 176 
N 93 5.87 29.2 19 V 
N 94 5.69 24.5 13 V 
N 95 5.63 22 13 1.479 1.005 0.919 195 
N 96 4.n 27 18 0.878 1.5 1.326 355 
N 97 5.62 27.7 14 1.291 1.114 1.233 287 
N 98 7.18 31.5 16 2.023 1.796 1.708 436 
N 99 5.36 30 20 V 
N 100 4.73 15.5 7 V 
N 101 5.93 35.5 14 1.361 1.716 1.74 360 
N 102 5.8 28.9 8 1.348 1.081 0.841 152 
N 103 6.47 23.7 14 V 
N 104 5.76 15.5 2 V 
N 105 5.03 29.1 15 V 
N 106 5.14 13.1 8 V 
N 107 5.12 25.2 16 1.382 1.141 1.357 346 
N 108 5.7 33.5 17 1.525 1.931 1.656 395 
N 109 5.35 15.2 8 V 
N 110 6.5 34 15 V 
N 111 4.29 13.9 7 0.938 0.718 0.52 112 
N 112 4.25 23.8 14 0.502 0.739 0.971 220 
N 113 . 3.94 21 15 0.941 0.523 0.895 229 
N 114 5.65 28.2 18 1.549 1.42 2.318 522 
N 115 5.31 28.8 13 V 
N 116 4.7 20.1 13 V 
XX"l1 
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Espèce Semis Diamètre Hauteur Nb feuilles Biomasse (g) Surface foliaire Survie (mm) (cm) Racines Ti Feuilles (cm') 
N 117 5.21 14.8 4 0.806 0.692 0.117 63 
N 118 5.75 20.5 16 1.569 1.168 1.514 333 
N 119 4.85 18.5 12 V 
N 120 6.15 29 15 V 
S 1 4.12 24.5 9 0.767 0.81 0.67 202 
S 2 4.05 24.1 10 0.405 0.586 0.683 190 
S 3 4.02 23.4 14 V 
S 4 4.32 26.1 16 V 
S 5 5.11 25.7 12 1.06 0.892 0.892 208 
S 6 3.85 31 12 0.862 0.911 0.825 219 
S 7 3.67 22.4 10 V 
S 8 4 21.8 8 M 
S 9 3.9 22.5 11 V 
S 10 3.73 16.5 12 V 
S 11 3.81 12.5 8 0.41 0.266 0.342 91 
S 12 5.02 24.5 9 1.104 0.914 0.725 203 
S 13 4.25 31.2 11 V 
S 14 5.28 28.6 12 V 
S 15 4.65 28.5 13 0.777 0.754 1.207 319 
S 16 4.31 29.7 6 0.482 0.756 0.191 62 
S 17 4.25 19.1 10 0.73 0.472 0.717 170 
S 18 3.92 26.3 7 0.527 0.771 0.488 124 
S 19 4.36 13.1 8 V 
S 20 5.47 21 8 M S 21 4.42 26 12 0.726 0.705 0.856 218 
S 22 4.68 16.7 8 0.612 0.444 0.549 133 
S 23 3.9 19.8 10 V 
S 24 3.78 13.6 7 V 
S 25 3.38 16 7 V 
XXVUl 
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Espèce Semis Diamètre Hauteur Nb feuilles Biomasse (g) Surface foliaire Survie (mm) (cm) Racines Tige Feuilles (cm; 
S 26 3.48 20 12 V 
S 27 3.48 28.8 4 0.399 0.543 0.31 89 
S 28 4.81 29.1 13 0.753 0.924 0.919 247 
S 29 4.42 22.9 14 V 
S 30 4.22 26.9 9 V 
S 31 4.21 14.8 8 0.583 0.523 0.393 99 
S 32 4.66 23.2 9 0.653 0.791 1.052 256 
S 33 4.29 22.3 12 0.497 0.636 0.786 187 
S 34 4.86 24.4 12 0.921 0.874 1.203 300 
S 35 4.43 15.9 10 V 
S 36 4.02 27.4 6 V 
S 37 4.17 17.3 3 0.348 0.41 0.049 13 
S 38 4.21 16.3 2 0.353 0.386 0.28 89 
S 39 4.37 23.2 13 V 
S 40 4.28 15.6 8 V 
S 41 4.56 21.9 5 V 
S 42 5.06 22.5 7 V 
S 43 4.76 12 9 0.621 0.379 0.711 193 
S 44 4.34 24.2 14 V 
S 45 3.87 29.5 10 V 
S 46 5.25 27.1 12 0.977 0.871 1.087 258 
S 47 4.45 21.5 10 0.711 0.557 0.706 169 
S 48 5.03 24.5 11 0.86 0.753 0.891 246 
S 49 4.61 20.6 12 0.738 0.584 0.929 209 
S 50 4.64 19.2 11 V 
S 51 4.46 25.6 16 V 
S 52 4.93 22.4 12 1.047 0.668 0.792 175 
S 53 3.68 21.5 10 0.598 0.462 0.605 173 
S 54 4.67 17.8 10 V 
XXiX 
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Espèce Semis Diamètre Hauteur Nb feuilles Biomasse (9) Surface toliaire Survie (mm) (cm) Racines Tige Feuilles (cm
2) 
S 55 3.87 11.6 8 M 
S 56 3.74 28 8 V 
S 57 3.56 20.2 1 M 
S 58 3.66 27.6 a M 
s 59 3.39 19.6 13 0.558 0.48 0.908 197 
S 60 4.45 19.6 9 V 
S 61 M 
S 62 M 
S 63 3.17 29.5 a M 
s 64 4.6 14 6 0.588 0.397 0.56 147 
S 65 4.85 14.7 5 0.473 0.438 0.353 83 
S 66 4.21 25.5 10 V 
S 67 4.25 23.6 8 V 
S 68 5.34 26.7 la 0.978 0.828 1.097 272 
S 69 3.92 21 14 V 
S 70 4.17 19.4 10 V 
S 71 3.67 18.8 1 M 
S 72 3.73 14.4 6 V 
S 73 4.35 20.7 9 0.616 0.648 0.322 82 
S 74 5.06 12.9 10 0.861 0.497 0.689 146 
S 75 3.42 18.8 5 V 
S 76 3.9 13.3 10 V 
S 77 4.7 28.4 10 0.686 0.952 0.932 213 
S 78 M 
S 79 3.47 13.7 10 0.391 0.202 0.305 65 
S 80 3.68 21.8 3 V 
S 81 4 29 3 0.47 0.614 0.219 45 
S 82 3.6 30.7 10 V 
S 83 5.08 24.8 8 V 
xxx 
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Espèce Semis Diamètre Hauteur Nb feuilles Biomasse (9) Surface foliaire Survie (mm) (cm) Racines Tige Feuilles (cm
2) 
S 84 4.4 13.9 V 
S 85 2.9 19.8 11 V 
S 86 4.07 19.2 10 0.451 0.518 0.444 92 
S 87 4.45 29.4 12 0.677 0.967 0.867 165 
S 88 3.39 20.1 12 V 
S 89 2.95 17.8 8 V 
S 90 3.11 12.8 3 0.449 0.295 0.286 38 
S 91 4.26 20.5 13 0.685 0.572 1.003 233 
S 92 4.15 18.4 9 0.667 0.532 0.53 125 
S 93 3.54 20.7 11 0.484 0.406 0.275 66 
S 94 4.44 17.3 4 V 
S 95 4.43 21.9 15 V 
S 96 4.87 24.1 10 0.905 0.844 0.781 184 
S 97 5.5 28.2 12 1.566 1.291 1.437 299 
S 98 4.14 25 4 V 
S 99 5.12 17 9 V 
S 100 4.29 15.9 10 V 
S 101 3.08 19.9 11 V 
S 102 4.28 22 12 0.9 0.597 0.786 186 
S 103 4.3 15.1 14 0.69 0.479 0.785 172 
S 104 4.68 23.1 17 V 
S 105 4.95 26.7 16 V 
S 106 3.7 18 8 0.607 0.41 0.186 38 
S 107 5.27 34.2 19 1.771 1.104 1.5 299 
S 108 4.52 27.1 19 1.11 0.75 1.17 263 
S 109 4.92 21.8 12 0.972 0.769 1.2 247 
S 110 4.25 28.4 14 V 
S 111 3.76 19.2 10 V 
S 112 4.39 22.1 8 0.689 0.743 0.567 149 
xxx! 
Automne 2007 Printemps 2008 
Espèce Semis Diamètre Hauteur Nb feuilles Biomasse (g) Surface foliaire Survie (mm) (cm) Racines Tige Feuilles (cm
2) 
S 113 4.82 17.2 10 1.209 0.655 0.952 216 
S 114 3.72 15.4 7 V 
S 115 5 29.2 12 V 
S 116 4.26 31.5 15 0.644 0.883 0.455 98 
S 117 4.61 23 12 V 
S 118 4.5 19.2 10 1.144 0.612 0.953 247 
S 119 4.75 28.2 17 0.958 0.924 1.15 291 
S 120 4.68 22.8 8 0.805 0.72 0.687 164 
N = Érable de Norvège V = Vivant 
S '" Érable à sucre M = Mort 
Annexe I-B Variables explicatives mesurées par semis 
XXXlll 
Es èce Semis Arbre H Herbivorie % 
N 1 6.31 8.6 0.776699029 5.3 
N 2 1 ACPL 6.4 9.6 2.290076336 13.2 
N 3 ACPL 5.81 6.3 1 .890359168 
N 4 1 AC PL 6.31 7.8 3.571428571 
N 5 2 ACPL 6.04 14.2 3.592814371 11.0 
N 6 2 ACPL 6.74 10.0 5.899705015 2.9 
N 7 2 ACPL 7.06 11.6 4.985337243 
N 8 2 ACPL 6.97 13.2 2.906976744 
N 9 3 ACPL 6.77 8.6 1.129943503 
N 10 3 AC PL 6.4 11.1 2.535211268 
N 11 3 ACPL 5.91 9.1 2.535211268 9.1 
N 12 3 AC PL 5.57 8.6 1.966292135 2.6 
N 13 4 FRAM 5.63 10.0 1.094890511 
N 14 4 FRAM 5.96 11.8 1.433691756 
N 15 4 FRAM 5.79 11.0 1.075268817 9.3 
N 16 4 FRAM 5.53 16.6 0.358422939 12.3 
N 17 5 ACSA 5.72 10.6 0.84516129 4.3 
N 18 5 ACSA 6.16 11.9 0.967741935 3.4 
N 19 5 ACSA 5.98 11.3 0.967741935 
N 20 5 ACSA 6.42 7.8 0.961538462 
N 21 6 ACPL 5.95 9.0 0.689655172 5.7 
N 22 6 ACPl 6.5 8.9 0.340136054 6.3 
N 23 6 ACPl 6.83 11.5 1.01010101 
N 24 6 AC PL 6.46 11.1 2.02020202 
N 25 7 ACSA 5.75 8.5 2.69058296 
N 26 7 ACSA 5.47 10.3 0.808080808 
N 27 7 ACSA 6.03 9.2 1.699029126 
N 28 7 ACSA 5.68 12.3 0.865800866 22.5 
N 29 8 ACSA 6.54 12.9 1.818181818 
N 30 8 ACSA 6.01 13.5 1.89701897 
N 31 8 ACSA 6.35 16.2 1.612903226 1.6 
N 32 8 ACSA 5.73 16.6 1.909307876 7.3 
XXXlV 
Es èce Semis Arbre H Humidité % Herbivorie % 
N 33 9 5.13 8.3 0.959232614 5.4 
N 34 9 ACSA 5.6 14.6 0.615384615 7.9 
N 35 9 ACSA 5.66 14.7 0.24691358 
N 36 9 ACSA 6.28 12.4 0.24691358 
N 37 10 AC PL 5.84 16.6 1.690140845 5.1 
N 38 10 ACPL 5.81 19.3 1.704545455 4.7 
N 39 10 AC PL 6.16 17.3 2.253521127 
N 40 10 AC PL 5.26 15.6 3.641456583 
N 41 11 ACSA 6.23 14.5 1.666666667 
N 42 11 ACSA 5.62 12.2 1.202749141 
N 43 11 ACSA 6.08 14.2 0.610687023 7.0 
N 44 11 ACSA 5.05 12.8 1.251956182 2.8 
N 45 12 ACPL 6.18 17.5 0.637958533 
N 46 12 ACPL 7.43 12.7 2.191464821 
N 47 12 ACPL 7.46 8.4 7.442977191 14.4 
N 48 12 AC PL 7.04 17.0 3.699136868 8.3 
N 49 13 AC PL 6.1 13.9 1.092896175 4.5 
N 50 13 AC PL 5.85 14.3 0.546448087 4.2 
N 51 13 ACPL 6.12 14.7 1.639344262 
N 52 13 ACPL 5.88 16.9 1.907356948 
N 53 14 FRAM 6.35 16.0 0.674157303 4.7 
N 54 14 FRAM 6.51 12.5 0.980392157 5.3 
N 55 14 FRAM 6.42 17.6 0.213675214 
N 56 14 FRAM 6.1 17.8 0.873362445 
N 57 15 PIGL 6.04 11.8 2.424242424 
N 58 15 PIGt 5.79 10.3 2.359882006 
N 59 15 PIGL 6.17 13.9 2.040816327 8.0 
N 60 15 PIGL 5.1 9.1 1.152737752 
N 61 16 PIGL 5.91 12.6 1.960784314 
N 62 16 PIGL 5.55 10.0 1.967213115 
N 63 16 PIGL 5.7 14.9 1.242236025 
N 64 16 PIGL 5.66 13.0 1.261829653 
xxxv 
Es èce Semis Arbre Cano~ée ~H Humidité {%~ Lumière (%1 Herbivorie {%) 
N 65 17 PIST 4.93 14.1 1.4 70588235 11.5 
N 66 17 PIST 4.91 9.7 1 .260504202 10.5 
N 67 17 PIST 4.8 12.5 1.260504202 
N 68 17 PIST 4.92 11.1 0.630252101 
N 69 18 QUAU 5.25 12.3 0.843881857 5.9 
N 70 18 QUAU 5.42 10.8 1.268498943 10.1 
N 71 18 QUAU 5.09 19.5 1.910828025 
N 72 18 QUAU 4.88 14.2 3.177966102 
N 73 19 ACSA 5.19 11.3 1.484230056 
N 74 19 ACSA 5.14 15.4 1.481481481 
N 75 19 ACSA 5.44 15.3 1.478743068 15.3 
N 76 19 ACSA 11.9 1.663585952 4.0 
N 77 20 ACSA 5.84 14.4 1.100917431 
N 78 20 ACSA 4.96 25.7 2.189781022 
N 79 20 ACSA 5.55 34.2 1.821493625 8.9 
N 80 20 AC SA 6.24 18.5 2.173913043 7.8 
N 81 21 PIST 4.93 13.4 1.621621622 
N 82 21 PIST 4.88 8.5 1.798561151 27.5 
N 83 21 PIST 5 9.0 2.517985612 
N 84 21 PIST 4.98 15.2 2.342342342 
N 85 22 ACSA 5.43 9.6 1.559792028 8.0 
N 86 22 ACSA 5.33 13.2 1.381692573 18.8 
N 87 22 AC SA 5.27 11.8 1.376936317 
N 88 22 ACSA 5.52 13.3 1.202749141 
N 89 23 QUAU 5.25 11.4 1.467505241 
N 90 23 QUAU 4.57 15.3 1 .467505241 
N 91 23 QUAU 5.28 17.7 0.635073069 32.9 
N 92 23 QUAU 4.98 15.3 0.775193796 25.6 
N 93 24 ACSA 5.44 6.1 2.808988764 
N 94 24 ACSA 6.4 10.7 2.619548872 
N 95 24 ACSA 5.2 10.2 3.780718336 57.7 
N 96 24 ACSA 5.36 9.6 1.890359166 8.6 
XXXVI 
Es èce Semis Arbre H Humidité "Iô Herbivorie "Iô 
N 97 25 6.13 15.7 1.610017889 10.6 
N 98 25 ACPL 6.15 14.1 3.220035778 5.4 
N 99 25 ACPL 6.05 8.9 3.398926655 
N 100 25 ACPL 6.19 16.9 3.231597846 
N 101 26 ACSA 5.27 12.3 3.610108303 11.1 
N 102 26 ACSA 5.21 12.8 2.527075812 33.4 
N 103 26 ACSA 5.67 7.6 2.707581227 
N 104 26 ACSA 5.54 8.6 3.237410072 
N 105 27 ACPL 5.39 13.1 2.572898799 
N 106 27 ACPL 5.18 13.7 2.040816327 
N 107 27 ACPL 5.47 10.7 1.689189189 3.8 
N 108 27 ACPL 5.58 11.4 2.516778523 6.5 
N 109 28 ACPL 5.44 16.1 4.125412541 
N 110 28 ACPL 5.24 10.8 4.283360791 
N 111 28 ACPL 5.61 12.5 0.65681445 25.0 
N 112 28 ACPL 4.99 15.9 3.109656301 30.0 
N 113 29 AC PL 5.32 10.4 1.309328969 10.5 
N 114 29 ACPL 5.51 11.1 1.636661211 2.1 
N 115 29 ACPL 5.7 10.1 2.291325696 
N 116 29 ACPL 5.32 12.1 2.786885246 
N 117 30 ACPL 6.07 9.7 3.140495868 4.3 
N 118 30 ACPL 5.76 11.5 3.119868637 19.7 
N 119 30 ACPL 5.52 10.5 2.777777778 
N 120 30 ACPL 6.19 13.8 4.715447154 
S 1 ACPL 5.5 10.3 1.912045889 8.2 
S 2 ACPL 5.79 9.5 1.325757576 3.7 
S 3 ACPL 6.34 10.8 2.004008016 
S 4 ACPL 6 9.2 1.657458564 
S 5 2 ACPL 6.73 11.1 2.678571429 1.8 
S 6 2 ACPL 6.27 13.5 4.398826979 0.8 S 7 2 ACPL 6.95 12.8 2.040816327 
S 8 2 ACPL 6.15 12.3 6.666666667 
XXXVll 
Es èce Semis Arbre H Herbivorie % 
S 9 3 6.75 10.1 1.988636364 
S 10 3 11.1 2.259887006 
S 11 3 ACPL 6.21 12.3 1.971830986 4.7 
S 12 3 AC PL 6.22 11.7 2.528089888 14.3 
S 13 4 FRAM 5.99 15.1 1.083032491 
S 14 4 FRAM 5.92 13.4 0.716845878 
S 15 4 FRAM 5.48 12.7 1.075268817 8.8 
S 16 4 FRAM 5.63 13.7 0.35971223 18.3 
S 17 5 ACSA 6.19 6.6 0.64516129 3.7 
S 18 5 ACSA 5.5 11.2 1 .290322581 14.9 
S 19 5 ACSA 6.87 11.9 0.96n41935 
S 20 5 AC SA 6.04 11.5 1.290322581 
S 21 6 ACPL 5.59 9.4 1.030927835 10.6 
S 22 6 AC PL 6 9.2 1.013513514 9.0 
S 23 6 ACPL 6.09 8.0 1.346801347 
S 24 6 ACPL 6.07 9.2 1.003344482 
S 25 7 AC SA 5.62 15.4 1.463414634 
S 26 7 ACSA 5.48 10.6 1.793721973 
S 27 7 ACSA 5.52 7.7 1.123595506 23.3 
S 28 7 ACSA 5.85 14.6 0.925925926 10.7 
S 29 8 ACSA 5.77 13.2 2.094240838 
S 30 8 ACSA 5.95 17.1 1.576576577 
S 31 8 ACSA 6.05 19.4 2.031602709 6.3 
S 32 10 ACPL 5.46 18.7 1.97740113 2.8 
S 33 9 ACSA 5.96 13.3 0.694444444 17.5 
S 34 9 AC SA 5.81 13.3 1.089918256 5.0 
S 35 9 ACSA 5.68 12.8 0.626959248 
S 36 9 ACSA 6 12.3 0.252525253 
S 37 8 ACSA 6.24 15.9 0.961535462 40.0 
S 38 10 ACPL 5.59 13.1 0.564971751 6.0 
S 39 10 ACPL 6.04 21.4 3.370786517 
S 40 10 ACPL 5.92 14.1 1.120448179 
XXXVlll 
Es èce Semis Arbre H Herbivorie % 
S 41 11 5.98 20.7 1.320132013 
S 42 11 6 13.3 1 .349072513 
S 43 11 ACSA 5.41 12.2 0.518134715 4.5 
S 44 12 AC PL 6.98 13.7 2.272727273 
S 45 12 ACPL 7.08 14.1 5.739795918 
S 46 12 AC PL 6.35 10.1 4.146341463 7.8 
S 47 12 ACPL 5.91 13.0 2.295918367 6.4 
S 48 13 ACPL 5.74 21.2 1.907356948 5.3 
S 49 13 ACPL 6.36 13.2 0.549450549 10.3 
S 50 13 ACPL 6.3 15.9 2.18579235 
S 51 13 ACPL 5.91 11.3 2.452316076 
S 52 14 FRAM 6.21 17.0 0.930232558 3.3 
S 53 14 FRAM 6.02 13.7 0.636942675 4.9 
S 54 14 FRAM 6.1 13.2 0.847457627 
S 55 14 'FRAM 6.32 13.9 1.515151515 
S 56 15 PIGL 5.23 10.6 2.134146341 
S 57 15 PIGL 6.31 11.4 2.089552239 
S 58 15 PIGL 5.36 11.4 2.332361516 
S 59 15 PIGL 6.63 7.7 2.040816327 10.0 
S 60 16 PIGL 5.82 9.6 1.320132013 
S 61 16 PIGL 5.62 17.3 2.173913043 
S 62 16 PIGL 5.51 14.3 0.940438871 
S 63 16 PIGL 7.72 14.8 2.523659306 
S 64 17 PIST 4.56 11.6 1.470588235 13.0 
S 65 17 PIST 5.04 12.4 0.630252101 5.8 
S 66 17 PIST 4.93 11.2 1.260504202 
S 67 17 PIST 5 11.5 1.260504202 
S 68 18 QURU 4.8 13.0 0.21141649 5.9 
S 69 18 QURU 5.44 20.2 1.271186441 
S 70 18 QURU 4.92 16.8 1.694915254 
S 71 19 ACSA 5.3 10.2 1.858736059 
S 72 19 ACSA 5.74 18.2 1.666666667 
XXXL" 
Es èce Semis Arbre H Herbivorie % 
S 73 19 ACSA 5.45 10.9 1.478743068 11.9 
S 74 19 ACSA 4.78 12.5 2.402957486 16.0 
S 75 20 ACSA 5.57 24.1 1.465201465 
S 76 20 ACSA 5.17 28.9 3.284671533 
S n 20 ACSA 6.11 15.6 2.346570397 1.4 
S 78 21 PIST 4.83 13.9 1.801801802 
S 79 21 PIST 4.58 14.5 2.158273381 40.9 
S 80 21 PIST 4.85 11.6 1.798561151 
S 81 22 ACSA 5.07 15.0 1.381692573 16.7 
S 82 22 ACSA 5.38 15.8 1.374570447 
S 83 22 ACSA 5.86 12.5 1.546391753 
S 84 23 QURU 5.08 14.1 1.260504202 
S 85 23 QURU 4.n 15.7 2.096436059 
S 86 23 QURU 4.72 19.2 0.836820084 32.9 
S 87 23 QURU 4.99 18.0 1.165048544 31.5 
S 88 24 ACSA 5.21 14.6 1.691729323 
S 89 24 ACSA 5.32 11.6 3.95480226 
S 90 24 ACSA 5.46 11.2 2.268431002 n.4 
S 91 24 ACSA 5.72 12.6 2.268431002 11.1 
S 92 25 ACPl 6.22 10.9 3.041144902 5.8 
S 93 25 ACPl 6.35 18.8 3.22oo35n8 22.2 
S 94 25 ACPl 5.72 18.3 2.683363148 
S 95 25 ACPl 6.22 14.9 2.692998205 
S 96 26 AC SA 5.36 13.3 4.151624549 20.3 
S 97 26 ACSA 5.28 13.0 3.249097473 10.2 
S 98 26 ACSA 5.69 16.9 3.423423423 
S 99 26 ACSA 5.73 12.7 2.338129496 
S 100 27 ACPl 5.14 11.0 2.590673575 
S 101 27 ACPl 5.36 12.9 2.214650767 
S 102 27 ACPl 5.55 9.7 1.525423729 7.1 
S 103 27 ACPl 5.38 10.7 2.188552189 27.3 
S 104 28 ACPl 5 10.6 3.465346535 
xl 
Es èce Semis Arbre H Herbivorie % 
S 105 28 5.26 7.8 3.13014827 
S 106 28 5.47 16.4 3.114754098 46.7 
S 107 28 ACPL 5.25 15.1 4.582651391 21.2 
S 108 29 ACPL 5.38 8.0 2.mnm8 6.4 
S 109 29 ACPL 5.18 8.3 1.963993453 8.6 
S 110 29 ACPL 6.04 12.4 1.636661211 
S 111 29 ACPL 5.55 8.6 3.93442623 
S 112 30 ACPL 5.76 13.5 2.791461412 3.7 
S 113 30 ACPL 5.68 12.3 2.131147541 1.4 
S 114 30 ACPL 5.46 13.5 4.234527687 
S 115 30 ACPL 6 14.0 3.902439024 
S 116 22 ACSA 5.54 13.5 1.557093426 38.9 
S 117 21 PIST 4.92 11.4 2.162162162 
S 118 20 ACSA 5.49 29.8 1.811594203 4.6 
S 119 18 QURU 5.35 13.0 1.6985138 5.6 
S 120 11 ACSA 5.56 12.5 1.916932907 21.1 
N = Érable de Norvège ACPL = Acer platanoides 
S = Érable à sucre ACSA = Acer saccharum 
FRAM ::: Fraxinus americana 
PIGL = Picea glauca 
PIST = Pinus strobus 
QURU ::: Quercus rubra 
Annexe I-C Variables descriptives des semis sacrifiés utilisées pour le 
calcul des biomasses initiales des semis transplantés 
xli 
Printemps 2007 
Espèce Semis Diamètre Hauteur Nb feuilles Biomasse tg) (mm) (cm) Racines ne Feuilles 
N 1 2.81 24.0 14 0.196 0.247 0.862 
N 2 3.30 15.3 9 0.336 0.231 0.756 
N 3 3.07 25.2 18 0.225 0.361 0.884 
N 4 3.01 24.0 19 0.359 0.340 1.229 
N 5 3.42 26.8 15 0.373 0.442 1.343 
N 6 3.49 28.4 14 0.199 0.398 0.964 
N 7 2.82 23.1 14 0.212 0.328 0.960 
N 8 3.78 26.2 20 0.417 0.682 1.582 
N 9 4.58 17.9 16 0.683 0.584 1.338 
N 10 3.82 26.5 14 0.462 0.674 1.375 
N 11 3.47 21.0 17 0.445 0.375 1.120 
N 12 3.42 28.3 14 0.321 0.436 1.210 
N 13 3.24 17.6 14 0.190 0.290 0.736 
N 14 3.55 12.3 8 0.301 0.370 0.795 
N 15 2.91 11.9 9 0.176 0.252 0.664 
N 16 3.15 23.1 14 0.211 0.264 0.915 
N 17 4.02 15.9 13 0.439 0.605 1.292 
N 18 4.00 17.1 17 0.740 0.555 1.204 
N 19 4.12 14.2 10 0.882 0.426 0.890 
N 20 3.90 28.2 22 0.640 0.642 1.340 
N 21 3.88 15.0 18 0.642 0.520 1.148 
N 22 2.99 21.0 16 0.233 0.328 0.920 
N 23 4.12 24.7 16 0.564 0.567 1.348 
N 24 3.29 29.8 16 0.337 0.464 1.323 
S 3.02 26.1 12 0.209 0.356 0.881 
5 2 2.87 15.6 12 0.182 0.204 0.599 
5 3 3.01 17.5 12 0.232 0.240 0.790 
S 4 2.83 16.0 11 0.238 0.234 0.806 
S 5 3.70 27.8 12 0.330 0.498 1.082 
xw 
Printemps 2007 
Espèce Semis Diamètre Hauteur Nb feuilles Biomasse (9) (mm) (cm) Racines Tige Feuilles 
S 6 3.79 21.8 10 0.414 0.381 1.015 
S 7 2.76 21.1 14 0.171 0.295 1.030 
S 8 3.68 23.3 12 0.355' 0.480 1.204 
S 9 3.23 27.5 15 0.249 0.351 1.017 
S 10 3.46 19.0 10 0.298 0.366 0.997 
S 11 2.73 11.5 11 0.D79 0.091 0.308 
S 12 3.66 13.5 8 0.289 0.226 0.897 
S 13 3.59 24.0 12 0.344 0.421 1.050 
S 14 2.65 10.2 8 0.078 0.088 0.313 
S 15 2.92 16.0 10 0.232 0.297 0.862 
S 16 2.74 15.5 8 0.111 0.250 0.873 
S 17 3.49 22.7 17 0.144 0.287 0.719 
S 18 2.77 . 20.0 12 0.141 0.205 0.623 
S 19 3.35 14.6 10 0.299 0.262 0.725 
S 20 3.47 21.9 12 0.191 0.420 0.897 
S 21 3.09 12.0 10 0.163 0.205 0.898 
S 22 3.08 15.4 8 0.214 0.243 0.702 
S 23 2.86 23.5 13 0.124 0.248 0.780 
S 24 3.13 29.5 16 0.230 0.402 1.066 
S 25 3.65 26.1 10 0.353 0.559 1.065 
S 26 2.90 26.0 14 0.147 0.305 0.890 
s· 27 2.88 23.2 11 0.206 0.308 0.875 
N Érable de Norvège 
S = Érable à sucre 
ANNEXE II Présentation des données brutes du chapitre 3 
Annexe II-A 
xliv 
Dommages mesurés sur les gaules d'érable de Norvège et 
d'érable à sucre 
xlv 
Espèce Gaule Dommages 
Dépérissement Tache 
des tiges oudronneuse 
N TG 
N 2 TG 
N 3 TG 
N 4 TG 
N 5 D TG 
N 6 D TG 
N 7 D 
N 8 D TG 
N 9 D TG 
N 10 D TG 
N 11 TG 
N 12 D TG 
N 13 TG 
N 14 TG 
N 15 D TG 
N 16 TG 
N 17 D TG 
N 18 D TG 
N 19 TG 
N 20 D TG 
N 21 D TG 
N 22 D 
N 23 TG 
N 24 D TG 
N 25 D TG 
N 26 D TG 
N 27 TG 
N 28 TG 
N 29 TG 
N 30 D TG 
N 31 D TG 
N 32 TG 
N 33 D TG 
N 34 TG 
N 35 D 
N 36 TG 
N 37 TG 
N 38 TG 
N 39 
N 40 D TG 
N 41 TG 
N 42 TG 
N 43 TG 
N 44 D TG 
N 45 TG 
N 46 D TG 
N 47 TG 
N 48 D TG 
N 49 D TG 
N 50 TG 
N 51 TG 
N 52 TG 
xlvi 
Espèce Gaule Dommages 
Dépérissement Tache 
des tiges oudronneuse 
N 53 2 D 
N 54 2 D 
N 55 2 D 
N 56 2 D 
N 57 2 D 
N 58 2 D 
N 59 2 D 
N 60 2 D 
N 61 2 D 
N 62 2 D 
N 63 2 D 
N 64 2 D 
N 65 2 D TG 
N 66 2 D TG 
N 67 2 D TG 
N 68 2 D TG 
N 69 2 D TG 
N 70 2 TG 
N 71 2 D TG 
N 72 2 D TG 
N 73 2 D TG 
N 74 2 D TG 
N 75 2 D TG 
N 76 2 D TG 
N 77 2 D TG 
N 78 2 D TG 
N 79 2 D TG 
N 80 2 D TG 
N 81 2 D TG 
N 82 2 D TG 
N 83 2 D TG 
N 84 2 D TG 
N 85 2 D TG 
N 86 2 D 
N 87 2 D 
N 88 2 TG 
N 89 2 D TG 
N 90 2 D TG 
N 91 2 D TG 
N 92 2 D TG 
N 93 2 D 
N 94 2 D 
N 95 2 D 
N 96 2 D 
N 97 2 D TG 
N 98 2 D TG 
N 99 2 D TG 
N 100 2 D TG 
N 101 2 D TG 
N 102 2 D TG 
N 103 2 D TG 
N 104 2 D TG 
xlvii 
Espèce Gaule Dommages 
Dépérissement Tache 
des tiges oudronneuse 
N 105 2 D TG 
N 106 2 D TG 
N 107 2 D TG 
N 108 2 D TG 
N 109 2 D TG 
N 110 2 D TG 
N 111 2 D TG 
N 112 2 D TG 
N 113 2 D TG 
N 114 2 D TG 
N 115 2 D TG 
N 116 2 D TG 
N 117 2 D TG 
N 118 2 D 
N 119 2 D 
N 120 2 D TG 
N 121 2 D 
N 122 2 D. TG 
N 123 2 D TG 
N 124 2 D 
N 125 2 D 
N 126 2 D TG 
N 127 2 TG 
N 128 2 D TG 
N 129 2 D TG 
N 130 2 D TG 
N 131 2 D TG 
N 132 2 D TG 
N 133 2 D TG 
N 134 2 D TG 
N 135 2 D TG 
N 136 2 D TG 
N 137 2 D TG 
N 138 2 D 
N 139 2 D TG 
N 140 2 D TG 
N 141 2 D TG 
N 142 2 D TG 
N 143 2 D TG 
N 144 2 D TG 
N 145 2 D TG 
N 146 2 D TG 
N 147 2 D TG 
N 148 2 D 
N 149 2 D 
N 150 2 D 
N 151 2 D 
N 152 2 D TG 
N 153 2 D TG 
N 154 2 D TG 
N 155 3 
N 156 3 
xlviii 
Espèce Gaule Dommages 
Dépérissement Tache 
des tiges oudronneuse 
N 157 3 
N 158 3 
N 159 3 
N 160 3 
N 161 3 
N 162 3 
N 163 3 
N 164 3 
N 165 3· 
N 166 3 
N 167 3 
N 168 3 TG 
N 169 3 
N 170 3 
N 171 3 TG 
N 172 3 
N 173 3 
N 174 3 TG 
N 175 3 
N 176 3 
N 177 3 
N 178 3 
N 179 3 
N 180 3 
N 181 3 
N 182 3 
N 183 3 TG 
N 184 3 
N 185 3 TG 
N 186 3 
N 187 3 
N 188 3 
N 189 3 
N 190 3 TG 
N 191 3 TG 
N 192 3 
N 193 3 
















Espèce Gaule Dommages 
Dépérissement Tache 



















































S 65 0 
S 66 
Espèce Gaule Dommages 
Dépérissement Tache 























S 89 0 
S 90 












S 103 1 
S 104 1 
S 105 2 0 
S 106 2 0 
S 107 2 0 
S 108 2 0 
S 109 2 0 
S 110 3 
N = Érable de Norvège 1 = Moins ou jusqu'à de 50 % de perte de feuillage 
S = Érable à sucre 2 = Plus de 50 % de perte de feuillage 
3 = Mort 
Annexe II-B 
li 
Élongation de la pousse tenninale des gaules d'érable de 
Norvège et d'érable à sucre 
Iii 
Espèce Gaule Élongation de la pousse terminale (cm) 
2004 2005 2006 2007 
N 1 4 3.3 2.2 2.3 
N 2 1.3 1.3 1.7 3.8 
N 3 5.5 2.3 2.2 1.4 
N 4 2.5 1.2 1.4 1.5 
N 5 2.7 0.8 1.2 4 
N 6 3 9 12.5 3 
N 7 44.7 40 30 2.7 
N 8 5 6.5 10.5 1.5 
N 9 6 4 5.5 2 
N 10 3.6 0.8 2 2.2 
N 11 17.5 12.5 1.2 1.5 
N 12 6 3.8 0.5 5 
N 13 15 4.5 0.5 5.8 
N 14 20 12 12 8 
N 15 23.5 10 1.8 1 
N 16 2.3 1.5 3 3.5 
N 17 4 2.5 2.2 2.3 
N 18 8.5 12 20.9 15.2 
N 19 10.7 7.8 4.5 2.6 
N 20 53.5 55 41 17 
N 21 6 10.6 27.7 3.7 
N 22 32 36.5 58 33.5 
N 23 4.7 3.4 11.8 2 
N 24 40 43.5 26.5 16 
N 25 31 25.5 13.5 4.5 
N 26 47 58 45 19.5 
N 27 4 5 0.8 1.5 
N 28 19 13 9 4 
N 29 12 5.5 1.6 2.5 
N 30 30 60 22 6.2 
N 31 60 65 44 6 
N 32 71 72 69 44 
N 33 47 42 32.5 22.5 
N 34 31 26 10 12 
N 35 16 24 18 3 
N 36 3.5 3 4.6 4.4 
N 37 2.8 0.9 1.3 0.4 
N 38 1.8 2 3.5 8 
N 39 2.3 1.8 8 2.5 
N 40 2.5 32 51 24 
N 41 10 6 2 0.5 
N 42 1.2 08 1.9 1.4 
N 43 7 20 1.5 11 
N 44 2.8 0.9 0.9 0.8 
N 45 7 3.5 2.3 3 
N 46 9.5 4 4.5 1.7 
N 47 3 4.5 2.5 1 
N 48 3.4 2.5 3.2 1 
N 49 26 14 6.8 3 
N 50 2.4 2 2 1 
N 51 6.5 4.5 3.5 2.3 
N 52 2.2 1.5 2 
liii 
Espèce Gaule 
Élongation de la pousse terminale (cm) 
2004 2005 2006 2007 
N 53 50 63 47 16 
N 54 4.5 5.5 4 7 
S 1 5.5 28.5 75.5 31 
S 2 9 28.3 20.7 30 
S 3 2 2.2 3.5 3.2 
S 4 2.7 2.1 2.4 7.9 
S 5 28.4 28.2 19.6 11.5 
S 6 10.8 7.3 11.4 6.3 
S 7 3.8 1.8 2.5 2.3 
S 8 15.3 25.2 9.8 9.3 
S 9 5.7 9.6 7.2 5.5 
S 10 5.7 11.9 5 4.9 
S 11 4.8 3.2 3.9 3.1 
S 12 2.5 4.2 3 4.1 
S 13 3.4 2.8 2.2 5.6 
S 14 2.4 1.9 1.9 2.6 
S 15 4.2 6.4 5.2 5.2 
S 16 3.4 2.4 2.6 0.9 
S 17 7.4 9.5 7.2 11 
S 18 1.6 1.5 1.6 3.2 
S 19 6.1 4.5 5.7 5.7 
S 20 3.9 2.3 2.5 2.8 
S 21 1 0.8 1.6 1.7 
S 22 10.5 6.5 8.2 22.8 
S 23 19 15.5 18 19.4 
S 24 4 4 9.6 16 
S 25 5.4 3.9 4.7 5.4 
S 26 7.3 3.7 5.7 6.2 
S 27 3.7 2.9 3 3.4 
S 28 15.3 8 2.8 5.3 
S 29 19.5 7.5 11.5 22.5 
S 30 3.2 3 3 6.6 
S 31 33.5 30 47.5 32 
S 32 17.7 8 6.3 7.1 
S 33 56 46 26.5 63 
S 34 3 1.8 3.3 2.6 
S 35 10.4 4.5 6.7 9.8 
S 36 65.5 41 52.5 64 
S 37 36.5 25 18.7 18.1 
S 38 4.6 8.8 10.5 5.2 
S 39 36.2 17.7 33.2 14.3 
S 40 3.4 10.7 23 7 
S 41 1.3 1.9 1.4 1 
S 42 1.6 1.3 1.5 5.4 
S 43 4.8 4.5 6.8 8.3 
S 44 20 7.7 18 18.1 
S 45 12.6 13.2 17.4 13.2 
S 46 14.6 9.5 19.5 11 
S 47 5.2 1.9 1.5 1.5 
S 48 1.4 0.8 1 1.4 
S 49 2.9 3 2.6 3.4 
S 50 1.8 1.8 2.3 4.6 
liv 
Espèce Gaule Élongation de la pousse terminale (cm) 
2004 2005 2006 2007 
S 51 1.4 0.9 1.2 
S 52 22.4 9.5 14.7 24.5 
S 53 9.4 5.5 10.5 2 
S 54 3.1 5.8 9.2 7.4 
S 55 1.4 1.1 1.5 2.5 
S 56 2.1 1.9 7.3 6.6 
S 57 1.1 0.8 2 3.9 
S 58 6 20.5 39.2 18.2 
S 59 6.4 6.3 9.2 3.5 
S 60 18.7 61.7 32.2 33.7 
S 61 1.4 1.2 2.2 3.6 
S 62 14 22.3 5.3 3.5 
S 63 7.5 22.6 64.5 33.5 
S 64 29 14.6 5.2 7.2 
S 65 12.2 13.4 12.6 28 
S 66 1.2 1.7 1.2 3.2 
S 67 1.1 1.1 1.3 1.6 
S 68 4 6.4 6.7 7 
S 69 11 17 26.5 9 
S 70 20.6 32.5 34.5 19.5 
S 71 4.5 2 4.8 7.5 
S 72 3.1 2.2 3 2 
S 73 0.7 0.7 0.7 0.8 
S 74 2.6 1.3 1.8 
S 75 1.6 1.5 2.5 4 
S 76 2.4 1.8 2.5 2.5 
S 77 1.8 2.3 3.2 4 
S 78 4.5 6 6 9 
S 79 5.5 5 5.5 4.2 
S 80 1.7 1,4 1.9 10 
S 81 5.5 4.7 6.8 10.5 
S 82 1.6 1 1.3 3.2 
S 83 3.2 1.4 1.8 3.8 
S 84 22.6 16.7 22.5 57 
S 85 1.5 0.7 0.9 2.2 
S 86 6,4 9.6 9.3 53.7 
S 87 8,4 10.5 17.8 68 
S 88 2.8 2.2 4.5 74 
S 89 19.5 12.3 18.9 88 
S 90 15.2 11 7.8 7.8 
S 91 11.6 9.3 7.3 2.9 
S 92 1.1 0.9 1.1 1.7 
S 93 1.2 1.2 1.2 1.5 
S 94 1.7 1.3 1.8 2.1 
S 95 40.5 14.7 15.5 6.5 
S 96 6.5 2.8 5 4.8 
S 97 4.6 2.1 2.7 4.3 
N = Érable de Norvège 
S = Érable à sucre 
Iv 
Annexe II-C Croissance radiale des gaules d'érable de Norvège 
lvi 
Gaule Croissance radiale (mm) 
2003 2004 2005 2006 2007 
2.229 0.2815 2.53 1.0135 0.059 
2 1.018 0.6115 0.5385 1.045 0.3475 
3 0.9295 0.352 0.74 0.2345 0.0435 
4 2.0615 0.3965 1.8785 1.342 0.7115 
5 1.4155 0.602 0.548 0.7555 0.925 
6 0.951 0.7685 1.272 0.819 0.125 
7 0.6295 1.568 1.1045 0.518 0.0235 
8 0.274 1.252 1.457 0.9405 0.052 
9 2.008 1.436 1.2495 1.228 0.2295 
10 0.9475 0.35 1.231 0.6865 0.28 
11 0.9565 0.2635 1.115 0.617 0.0795 
12 1.0475 0.2825 1.1755 1.054 0.015 
13 0.5675 1.2685 0.842 0.8475 0.41 
14 0.293 0.6765 0.3135 0.3755 0 
15 0.6995 1.627 1.8715 1.102 0.053 
16 0.367 0.499 0.437 0.239 0.1355 
17 0.4155 0.2425 0.726 0.2595 0.051 
18 0.4575 0.7665 0.6145 0.363 0.0465 
19 0.6255 0.8885 1.0185 1.0865 0.4255 
20 2.48 0.8145 2.0905 0.724 0.2055 
21 0.6115 0.259 0.1955 0.2165 0.1125 
22 0.1775 1.228 0.312 0.206 0.0535 
23 1.838 1.3845 0.5975 0.662 0.0495 
24 0.1885 0.648 0.1935 0.2025 0.0255 
25 0.353 0.1325 0.202 0.1525 0.041 
26 3.3805 1.02 1.2585 0.4695 0.115 
27 0.252 0.2155 0.2365 0.2565 0.112 
28 1.159 0.4615 0.3795 0.518 0.101 
29 0.4695 0.375 0.635 0.7025 0.4625 
30 0.074 0.09 0.088 0.113 0.034 
31 0.304 0.1545 0.069 0.078 0.023 
32 1.781 0.449 0.764 0.1595 0.0975 
33 0.7345 0.3715 0.425 0.478 0.158 
34 0.337 0.3635 0.2735 0.1585 0.0085 
35 0.237 0.2165 0.138 0.163 0.1855 
36 1.6785 1.1155 0.297 0.219 0.0545 
37 0.2845 0.789 0.2575 0.582 0.0985 
38 1.3105 0.71 0.8085 0.46 0.4145 
39 0.51 0.5905 0.4895 0.546 0.2445 
40 1.2465 1.1545 0.8045 0.632 0.2435 
41 0.489 0.3025 0.4075 0.096 0.086 
42 2.329 1.1605 0.598 0.178 0.0975 
43 0.2345 0.174 0.16 0.186 0,0595 
44 0.773 0.6695 0.145 0.101 0.0275 
45 0.597 0.195 0.304 0.2615 0.1045 
46 1.3325 1.381 1.9035 0.801 0.6 
47 0.415 0.198 1.075 0.74 0.3225 
48 0.9645 0,36 0.637 0.2235 0.101 
49 0.5835 0.3835 0.4305 0.9185 0.382 
50 0.6485 0.219 0.3605 0.1025 0.012 
51 1.7435 0.805 0.78 0.621 0.0765 
52 0.3815 0.106 0.5825 0.355 0.1755 
Ivii 
Gaule Croissance radiale (mm) 
2003 2004 2005 2006 2007 
53 1.072 0.4325 0.1875 1.0935 0.371 
54 0.4665 1.458 0.3205 0.6645 0.233 
55 0.7795 0.636 0.265 0.541 0.123 
56 0.39 0.396 0.2035 0.4495 0.239 
57 0.587 0.2795 1.354 0.5235 0.1305 
58 0.782 0.3485 0.176 . 0.1655 0.057 
59 0.957 0.311 0.358 0.1255 0.145 
60 2.979 2.2125 2.756 2.098 0.224 
61 0.3015 0.9325 0.401 0.8275 0.06 
62 1.325 0.2 0.966 0.8515 0.188 
63 2.956 1.306 1.1705 0.482 0.0975 
64 0.867 0.2395 0.5035 0.779 0.5015 
65 0.9915 0.3115 0.5305 0.347 0.156 
66 2.0925 3.3815 2.498 1.334 0.4085 
67 0.6405 0.945 0.542 0.5395 0.457 
68 1.2775 1.386 0.987 1.1055 0.1885 
69 0.241 0.365 0.0565 0.3975 0.2305 
70 1.9865 1.1385 0.441 0.9375 0.048 
71 0.245 1.4545 1.5355 1.131 0.5865 
72 0.3645 0.424 0.2515 0.272 0.077 
73 0.188 0.2895 0.138 0.147 0.041 
74 1.0245 0.2315 0.774 0.2515 0.0675 
75 0.276 1.366 0.9195 0.193 0.069 
76 0.4795 0.5485 0.4295 0.229 0.1335 
77 0.8065 0.75 1.6135 0.899 0.045 
78 1.2035 0.562 0.281 0.887 0.142 
79 4.0845 2.9045 2.4345 1.1525 0.081 
80 0.48 2.368 2.0775 0.769 0.5625 
81 0.7705 0.6005 1.791 1.393 0.0935 
82 0.2185 1.112 0.7965 0.611 0.6395 
83 0.405 1.09 0.2045 0.7885 0.289 
84 0.8405 1.4365 1.4035 0.769 0.3755 
85 1.3945 2.107 0.686 0.5035 0.0855 
86 0.97 0.3935 1.143 0.624 0.1425 
87 0.768 0.588 0.34 0.342 0.031 
88 0.4925 0.6605 0.5495 0.401 0.082 
89 1.017 0.5795 0.7605 0.7315 0.313 
90 1.068 0.474 0.342 0.338 0.025 
91 0.855 0.5945 0.3455 0.1505 0.048 
92 0.5655 2.4645 1.8235 1.2505 0.026 
93 0.2075 0.921 0.5725 0.4295 0.2435 
94 0.4525 0.379 1.1225 1.2895 0.104 
95 0.299 0.3695 0.17 0.3435 0.0575 
96 0.273 0.6785 0.458 0.3045 0.168 
Annexe I1-D Croissance radiale des arbres d'érable de Norvège et 

































































































































































Croissance radiale (mm) 

















































































































































































































































































































































































Croissance radiale (mm) 















































































































































































































































































































































































Croissance radiale (mm) 
















































































































































































































N = Érable de Norvège 
S = Érable à sucre 
2003 
lxii 
Croissance radiale (mm) 
2004 2005 2006 2007 
